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The purpose of this thesis is to develop a mathematical optimization model to assist the authorities of the airport of 
Copenhagen in allocating the different companies in the check-in counters. This model should assign each company to 
specific check-in counters where the airline will provide passenger check-in services. 
The problem is complicated by the fact that a lot of conditions have to be considered. Due to the large influx of 
passengers and baggage, it is important to set a lot of constraints in order to succeed in terms of comfort, security and 
operational framework. These constraints are concerning to the physical layout of the airport, the available free space 
for queuing, the capacity of the conveyor belts used to transport the baggage and the operational requirements of the 
airlines companies. The objective is to fulfill these constraints and minimize the queue excess as well as the amount of 
baggage double screened.  
The model has been implemented in GAMS and tested with the real data of the 25
th




Check-in facilities, Airport of Copenhagen, optimization, Mixed integer programming (MIP), assignments, queue 
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The aim of this project is to assign each check-in area to a suitable cluster of check-in counters where airlines will 
provide passenger check-in services. This allocation of the flights to check-in counters is crucial to keep the check-in 
process working smoothly. In fact, a good assignment cannot only help the airport authority to use a limited number 
of check-in counters more effectively but can also help passengers to check-in more easily.  
Check-in service is an essential stage of the process. Here it is where the passengers check-in and deliver their 
baggage; moreover this is the moment in which they get a first impression of the airline company. This first impression 
is very often determined by the waiting time, and here is where the check-in counter allocation plays an important 
role because it can create a better balance between the queues in the different areas. Furthermore, in order to even 
out the passengers along all the counters assigned to each flight it has to be easy for them to find all these available 
counters. Therefore, it is important to take into account the layout of the airport in order to not put the counters 
assigned to the same check-in area in different groups of check-in counters, i.e. with physical obstacles like stairs 
within one check-in area. Due to the limited number of check-in counters and the growing number of flights, it is 
required an efficient management of the check-in counters.  
Although the passengers don’t realize at their first impression, the baggage management is also a vital issue to 
consider in order to succeed in monitoring the good operation of the airport. The baggage has to be transported to 
the right plane using conveyor belts and trolleys, but since in this project it has been only studied the check-in service 
just the first conveyor belts has been considered.  
Therefore, check-in counter allocation is not a simple task. Due to the large inflow of passengers and baggage 
addressed to many different flights, there are a lot of constraints to take into account. Hence, it is necessary to set 
many rules in order to succeed in terms of comfort, security and operational framework.  
Copenhagen Airport has developed a program which optimizes the number of counters that each company requires 
every 5-minutes intervals of time. This tool let the companies close counters whenever are not strictly required and 
help them to optimize issues like the human resources. Thus, all these restrictions have to be fulfilled meeting the 
counter demand of each company every 5-minutes interval.  
Since the counter demand from each company is not constant throughout the day, there are a lot of possibilities of 
allocating the counters. Each way of distributing the counters is so-called pattern. In order to illustrate what a pattern 
means, the Figure 1 can be useful. This figure shows the different possible patterns given a specific counter demand. 




               
Figure 1: Possible patterns given a specific counter demand. 
 
A part from making sure that all the companies follow a feasible pattern, the allocation of the pattern along the 
airport is also important to guarantee a good balance between the different areas. 
In order to have a general idea of the magnitude of the problem, the Figure 2 shows how the total demand of 
counters changes in the course of the day. As it can be seen from this bars chart, the peak hours are between 10:00 
and 14:00 and the total demand go beyond the 70 counters. Since the airport of Copenhagen has 100 check-in 
counters the peak demand can be fulfilled by far at first sight, but in the following chapters it will be proved if it can be 
fulfilled taking into account the constraints.  
 
Figure 2: Total demand of counters. 
 
Nowadays, the detailed task of allocating the flights in the different check-in counters is carried out by the handlers 
and this can be the reason why the airport of Copenhagen often times experience areas of the terminal very 



















Total counter demand 




obtain a better balance between the terminals in terms of lines and baggage influx. This allocation tool should be able 
to distribute the counters for a 24h period, starting at midnight and it has to be easily changeable by the airport staff. 
Everything has to be suitable for the current layout of the airport, because of the aim of this project is not to describe 
and analyze the optimal layout of the airport, but the optimal allocation of the counters in the present layout. 
    




2. Problem description 
 
The objective of this project is to allocate the different flights of each airline company to the check-in counters 
observing some restrictions. All these flights are grouped in different check-in areas. The term “check-in area” is 
defined as an area in which a certain group of passengers can check-in. However, not all of them are created using the 
same criteria; for example a check-in area can be dedicated to a specific flight of a company, to all the flights of one 
company or to all the flights of two or more companies. For instance, Turkish Airlines has its flights divided into three 
different areas (TK_1784, TK_1788 and TK_7335), all Norwegian’s flights are grouped in only one area (DY_) and all 
the flights of Air France and KLM are in one common-use area (AFK).  
The constraints that the problem has to face up can be divided into four groups: Infrastructural layout, demand, 
invariable conditions and nice to have conditions. These groups of constraints and the objective function are explained 
below. 
 
2.1 Infrastructural layout 
Counters layout 
In the airport of Copenhagen there are 100 counters divided in two terminals (T2 and T3). In the Terminal 2 there are 
67 check-in counters whereas in the Terminal 3 there are 33. Due to the layout and the stairs which act as physical 
barriers different groups of counters need to be distinguished in each terminal. The counters groups are physically 






11-18 (except 13) 3 
21-29 3 
31-38 3 
Table 1: Counters groups and its location in the airport. 
 





Figure 3: Lay out of the airport of Copenhagen. 
 
Every check-in area must be located on the same counter group, i.e. it is not able to split the check-in area between 
different groups unless explicitly noted.  For instance, a check-in area cannot be assigned in counter 9 and 11. 
However, due to the number of counters needed in certain check-in areas it could be reasonable to place this check-in 
area in two different connected groups of counters. 
 
Counters out of operation 
Sometimes there are some counters unavailable, due to maintenance for instance. Hence, from the date and hour 
when the out-of-operation starts to the moment that it will be working again any check-in area can’t use them. 
 
Take-away belt direction  
Copenhagen Airport owns two locations where the baggage is made up and put on trolleys to be transported to the 
corresponding plane. These locations are so-called Baggage Factory 2 (BF2) and Baggage Factory 3 (BF3).  The influx of 
baggage that arrives at the counters is transported to these Baggage Factories using a conveyor belt system.  The 
direction of the take away belt behind each counter in the Terminal 2 decides whether the baggage goes to BF2 or 
BF3, whereas the counters of the Terminal 3 only can be directed to BF3. In the terminal 2, the direction of the take 
away belts can change over the day, thus different periods need to be differentiated. The data that has been given 
differentiates two periods, which divide the day from 00:00 to 10:00 and from 10:01 to 23:59.  
While baggage going to BF2 must be checked-in at a group of counters which directs the baggage towards BF2, 
baggage going to BF3 can be checked-in any counter but if it is directed to BF2 it leads to a double screening and 
higher processing time. For this reason, the amount of baggage that has a double screening needs to be minimized.  



















Copenhagen Airport has developed a model to optimize the number of counters required for each company every 5 
minutes. For this project this is assumed to be known in advance and should not be altered. For instance, the 
following graph shows how the demand can be changing throughout the day: 
 
Figure 4: Counter demand of the check-in area SK_C. 
 
2.3. Invariable conditions 
Required counters 
Almost all the check-in areas must be allocated to specific counters; this group of counters available for each check-in 
area is called required counters. Some check-in areas are only restricted to be allocated in one terminal with a large 
number of required counters but there are other check-in areas in which this information is even further specific with 
a required counters interval of a few counters. For instance, one check-in area that can use a large number of 
counters is the check-in area SN_ that can be allocated to the counters from 101 to 120 and from 130 to 143 (33 
counters); but others can only use a narrow range of counters, like BA_ that can only be allocated from the counter 




















Counter demand  




Cluster counters per check-in area 
All counters assigned to the same check-in area must be adjacent; i.e. any check-in area may not have counters that 
are separated. For instance, if for certain check-in area the number of necessary counters is 4; it can be allocated to 
the counters 6, 7, 8 and 9 but not to the counters 1, 2, 5 and 6. 
  
Maximum number of bags per take away belt 
Taking into account the layout of the airport and the direction of the take-away belt behind each counter, five 
different areas have been distinguished. These areas are not exactly the same throughout the day, because the 
direction of the belts can change as it has been explained before. In this case there are only two periods and the 










Figure 5: Lay out of the baggage areas in the first period. 
 Period 1 Period 2 
Baggage area Counters Belt direction Counters Belt direction 
1 1-18 BF3 1-18 BF3 
2 21-38 BF3 21-38 BF3 
3 87-120 BF3 87-120 BF3 
4 122-135 BF3 122-143 BF3 
5 136-154 BF2 144-154 BF2 
Table 2: Baggage area distribution and their belt direction in each period. 
122 - 154 110 - 120 87 - 109 T2 





















Figure 6: Lay out of the baggage areas in the second period. 
For each baggage area, there is a maximum amount of bags that can be checked-in every 5 minutes to sustain an 
operationally safe environment. In order to make sure that the influx of baggage does not surpass the critical level, 
Copenhagen Airport has elaborated a file where the expected amount of baggage checked-in at each check-in area 
during each 5 minute interval is given. 
 
2.4. Nice to have conditions 
Critical line size  
Because of the layout of the airport of Copenhagen, it has been distinguished 9 different areas where the passengers 
wait before being attended. These areas are shown in the following figures: 










Table 3: Queue area distribution. 
122 - 154 110 - 120 87 - 109 T2 





















Figure 7: Lay out of the queue area in the airport of Copenhagen. 
 
For each queue area there is a critical number of passengers that for safety reasons should not be exceeded. 
Therefore, the objective is to distribute the check-in areas so as to minimize the relative exceeding. Furthermore, this 
queue excess should be distributed along the different queue area.  
In order to know the queue size in each queue area at any interval of time, Copenhagen Airport has developed a tool 
to predict the queue size for each check-in area every 5-minutes intervals. 
 
Possible patterns 
As it has been explained, the demand is not constant throughout the day. Thus, there are a large number of different 
patterns that can be followed. Since each check-in area need to have adjacent counters some patterns are rejected. 
However, not all patterns that have the counters clustered are accepted because it could be not operationally 
reasonable. For instance, it is not operationally sound to shift the counters at two consecutive time intervals, i.e. to 
close some counters used by one check-in area and open other ones in the next interval of time, because it entails a 
movement of the entire queue from the counters that have been closed to the other ones that have been opened. 
There is also a kind of pattern that have a tendency to move the counters along the area without shifting the counters 
by opening the counters of one side when the demand increases and closing the counters of the opposite side when it 



















122 - 154 110 - 120 87 - 109 
7 8 6 9 5 




In order to clarify this issue the next example can be useful. The Figure 8 shows the counter demand of this 
hypothetical check-in area:   
 
Figure 8: Example of a counter demand of one check-in area throughout the day. 
 
Since the counters used by any check-in area need to be clustered, the following kind of patterns are forbidden:  
 
Figure 9: Example of pattern with non-clustered counters. 
 
Then, the large number of possible patters remaining can be classified into three kinds. The kinds of patterns that can 
be followed are: 
 





















The left pattern is considered good. The middle one is valid, but not good because of the counters movement 
throughout the day. This kind of pattern is allowed but should give a punishment in the objective function. The last 
kind of pattern is not allowed because there is a shift of counters in the middle of operation. 
Due to the short time available to do this thesis, it will not differentiate between the good and the acceptable patterns 
but it may be taken into account in following versions. One possible way to differentiate the two kinds of patterns 
could be to check if a check-in area keeps the same open counters throughout the day. In this way the counters 
movement will be controlled. For instance, if a check-in area has been allocated in the counters 123, 124 and 125 for a 
demand of 3 counters, then these counters should be open all the day unless the demand falls below of 3. If it is not 
as this situation it should be penalized in the objective function. 
 
Other conditions 
These conditions haven’t been taken into account because of the lack of data, but it could be interesting to analyze 
them whenever the data is provided. These conditions are briefly explained below: 
- Grace periods: Occasionally, the change of check-in area in one counter cannot be instantly because some 
check-in area needs a grace period before opening and/or after closure. For example, this grace period can 
be required due to removing Tensa barriers. 
 
- Check-in area affiliation: this has to be understood as check-in areas where idle counters at one check-in area 
can be used to process passengers from another check-in area. For instance, if there are idle counters for the 
PF_565 check-in area but lines for the PF_541, the passengers of the PF_541 could use also the counters of 
PF_565. In order to have this possibility, these check-in areas should be allocated very close to each other. 
 
- Branding affiliation: There are some check-in areas which have a wish of being close to each other. One 
reason could be because of the fact that they are within the same alliance. 
 
- Location affiliation: Within the required counters, some check-in areas have a preference for certain ones 
over the others. The reason of this could be for the proximity to the ticket office. 
 
- CUSS kiosk availability: The common-use self service (CUSS) kiosks are used by the passengers to check-in 
before dropping their bags. In the airport of Copenhagen, almost all the airlines require CUSS kiosk. Since 
each group of counters has a limited number of them in the vicinity, the total number of CUSS kiosks 
demanded by the check-in areas allocated in a certain group of counters should be at most equal to the 
available ones.  
 




2.5. Objective function 
Since the demand and invariable conditions are hard restrictions, the objective function is not centered in them. 
Hence, the purpose of the objective function is to minimize the amount of baggage that are double screened and the 
relative excess of passengers in each check-in. However, all of these two conditions have not the same importance 
and for that reason a different punishment is needed. 
The importance of each condition is not given by Copenhagen Airport, but these penalties have been guessed. So, it 
will be interesting to see how they affect to the solution in more detailed version of this thesis. 
 
2.6. Review of literature 
Before starting this thesis, a research of the past literature on the counter allocation has been done. To my 
knowledge, there has been very little research in the past on the allocation of the companies to the check-in counters.  
Since this is a very practical case and has a very specific conditions is quite hard to find examples about it. 
The most similar one is about a model for the common use check-in counters using a heuristic method containing 
three heuristic models (1). However, the restrictions that this paper faces are quite different to the ones that 
Copenhagen Airport has described because the objective function is about walking distances and waiting time. 
Moreover, in 2009 it had been created a network model for airport common use check-in counter assignment (2). This 
is a very interesting model which deals with similar constraints regarding to the general layout of an airport, but the 
objective is to minimize the number of counters required for daily operations. This problem is quite different because 
in this thesis the number of counters used was given in advance. 
Another paper has approached the scheduling task as a multi-dimensional placement problem (3). This is a theoretical 
paper in which had been developed an algorithm for a constrain-satisfaction problem. Since the test of domain is the 
check-in counter scheduling at an international problem the constraints that were considered are pretty similar to the 
ones that are focused in this thesis. 
Like in the previous one, there had also been designed a genetic algorithm for the check-in counter allocation (4). This 
system was implemented with Koza’s genetic programming kernel in Common Lisp. Since it is a very theoretical 
approach of the problem, it differs a lot from the topic of this thesis. 
The last paper found regarding to this topic it was published in April 2012 while this thesis was in process (5). It is 
about the allocation of the check-in facilities and the assignment of passengers at air terminals. The part of the 
assignments of passengers deals with similar constraints but with a dynamic approach.  
Therefore, this thesis can be considered very innovative.  




3. Model description 
 
3.1.  Main variable 
The most important information that should be obtained from this model is which company uses each check-in 
counter at any time, thus it is reasonable to create a three-dimension binary variable       , where iєI represents the 
check-in area, jєJ the check-in counter and tєT the interval of time. This is a binary variable that takes 1 as a value if 
the check-in counter j is used by the check-in area i at interval of time t, otherwise the variable will take the 0 value. 
Since the sizes of the three sets needed for this variable are quite large, the total number of variables is very high. In 
order to show how big can be this number, an approximation of the set sizes can be done: Since there are 288 5-
minutes intervals of time in the whole day (24*60/5=288), about 60 check-in areas and 100 check-in counters, the 
number of variables is 1.728.000 at a rough guess.  
In order to illustrate how some constraints work, a hypothetical example can be useful. For instance, if there is only 
one check-in area so-called CA (i=1) that has to be allocated in a small sample of counters (j=1…6) and time intervals 
(t=1…3). Then the main variable would be: 
t 
j 
1 2 3 
1                      
2                      
3                      
4                      
5                      
6                      




The main constraint in this model is the one that ensures that the counter demand is fulfilled. Thus, for each interval 
of time t, the sum of the counters used by each check-in area i must be the same as the demand of counters of this 
check-in area. If the counters demand for each check-in area in each interval of time is expressed by the parameter 
    , the constraint is specified as: 




 ∑      
   
                
Equation 1: Demand. 
Where         [   ] 
But obviously, every counter cannot be used by more than one check-in area at the same time. This constraint is 
expressed with the following equation:  
∑      
   
             
Equation 2: Counters. 
 
If the demand of the example is 2, 3 and 1 at each interval of time, these constraints would be expressed as follows: 
                                            
                                            
                                            
Since in the example there is only one check-in area the second restriction will always be fulfilled. But, for instance, if 
there were 3 check-in areas (i=1,2,3), one check-in counter (j=1) and one interval of time (t=1), the equation would be 
expressed as: 
                       
 
Counters layout 
To take into account the layout of the counters a small change in the variable can be very useful. This modification 
implies the addition of the stairs and the limits of the counters groups as extra counters. Hence, the number of 
variables increases due to the extra number of counters but these extra variables will be assigned to 0 because any 
check-in area can’t be assigned to these fake counters. Thus, this has to be expressed as: 
                          
Equation 3: Fake counters. 
Where, Jf represents the subset of fake counters. 




If in the example the set of counters were divided into two groups of 3 and 2 counters the fake counter would be at 
j=4. Thus, any check-in area cannot use this counters at any interval of time: 
                       
Using only this subset, the exception of allocating check-in areas in different groups of counters because of the size of 
certain check-in areas is not taken into account. The reason of not doing it is because of the lack of data concerning to 
this issue. If this data is available in the future, one possible solution is to create a parameter depending on the check-
in area and the fake counters which takes as a value 1 if the counter jf is a fake counter for the check-in area i and 0 if 
this check-in area can allocate counters at both sides of the fake counter jf. Then, this equation should be restricted to 
the cases where the parameters take 1 as a value. Also other restrictions like the ones that ensure the allocation of 
the counters as a cluster (which will be described below) should be modify as well. 
 
Counters out of operation 
As it has been explained before, the counters can be closed due to different reasons. The information of which 
counters have to be closed from a certain time interval to another one is given as a parameter      , which for any 
interval of time t has a 0 as a value if the counter j is available or a 1 if the counter is closed. In the model, this is 
expressed as: 
       {
                  
[   ]             
}               
Equation 4: Closed counters. 
 
Take-away belt direction  
In order to introduce the baggage issues to the model, some new parameters and variables are required. 
First of all, two new sets need to be defined: mєM which denotes each baggage area and pєP that symbolizes each 
period of the day in which the belt direction can be different.  
Then, the input data regarding to the baggage is introduced to the model with the five following parameters:     , 
   ,     ,       and     .      is a parameter that represents the belt direction behind the baggage area m in the 
period p, which has as a value 0 if it goes towards the BF2 or 1 if, on the contrary, it goes to BF3.      is parameter 
that indicates the baggage make up location for the baggage of each check-in area i, it takes the value 0 if the baggage 
has to go through BF2, 1 if it has to be sent to BF3 or 2 if doesn’t matter in which baggage factory the bags are made 
up. The baggage influx is represented with     , which gives the number of bags that arrive at the check-in area i at 
time t. In order to determine the baggage areas and periods in which the belt direction can change, the last two 




parameters are needed.        and      are two binaries parameters that indicate with a 1 if the counter j has its 
place in the baggage area m in the period p and if the interval of time t belongs to the period p, otherwise these 
parameters have 0 as a value.  
Finally, a new variable is required to quantify the number of bags that are double screened:     . It indicates the 
total number of bags that are double screened at the interval of time t checked-in at the baggage area m.  
Since there are 2 possible belt directions and each check-in area can choose between 3 options for the baggage 
location (BF2, BF3 or both) there are six possible situations that can happen. These situations and the corresponding 
consequence are indicated in the Table 5: 
         Consequence 
0   Nothing 
0   Double screening 
1   Forbidden option  
1 1 Nothing 
2 0 Nothing 
2 1 Nothing 
 
Table 5: Possible combinations of belt direction and baggage location and their corresponding consequence. 
 
Therefore, in order to express this constraint the next two equations are needed:  
     ∑∑∑
                       
    
         
                                           
Equation 5: Double screening 1. 
Where                     
 
       {
                                        
[   ]                                                                            
}                            
Equation 6: Double screening 2. 
 




Then, if the check-in area i is using a counter j at time t (        ), the counter j has its place in the baggage area m in 
the period p (       ), this interval of time t belongs to the period p (     ), the belt direction behind this 
counter j at this moment t is towards the BF2 (    =1) and the baggage location of this check-in area i is BF3 
(     ) the amount of baggage double screened is     . On the other hand, each check-in area i which baggage 
location is BF2 (     ), cannot be allocated during any interval of time t of the period p (      ) at any counter j 
that are situated in a baggage area m which belt direction is towards the BF3 (       and         ).  
 
Required counters 
As it has been explained in the page 16, every check-in area has a subset of counters where it can be placed. The data 
given for this restriction is introduced into the model with the parameter      , which has a 1 as a value if the counter 
j can be used by the check-in area i or a 0 otherwise. Thus, its definition is similar to the closed counters restriction: 
       {
                  
[   ]             
}               
Equation 7: Required counters. 
By using this constraint correctly, the counters layout constraint can be eliminated because any check-in area will not 
require a fake counter, so it will be assigned to 0 anyway. Since the data of the fake counters doesn’t change, it would 
be more secure to leave this equation in order to avoid possible errors when the data is introduced. 
 
Cluster counters per check-in area 
In order to force all counters used by one check-in area to be allocated consecutively as a cluster; a new variable is 
required. This variable,        , it is a binary variable that takes 1 as a value when the counter jp is the first one used by 
the check-in area i in the period of time t. The new index jp , is another way to index the set J. This constraint can be 
defined with the two following equations:  
∑       
    
              
Equation 8: Consecutive counters 1. 
Where         [   ] 
∑       
           
    
                              
Equation 9: Consecutive counters 2. 




The first equation ensures that there is one first counter and the second one forces to open counters consecutively 
just after the first counter until the demand is fulfilled.  
For instance, in the second interval of time (t=2) the example explained above would be like that: 
                                            
                              
                              
                              
                              
                       
                
If the first counter open is jp (         ), the equation in which the variable         is involved forces the counters jp, 
jp+1 and jp+2 to be open (       =         =         =1). For instance, if the first counter used is the second one, the set 
of values of the variables          and         would be: 
                      
1     
2     
3 0 1 
4 0 1 
5     
6     
Table 6: A possible set of values of Yi,j,t and Xi,j,t. 
 
Maximum number of bags per take away belt 
Each baggage area has a maximum number of bags that can be processed every 5 minutes, which is represented in 
the model with the parameter    . Hence, a new variable,     , is needed to calculate the number of bags 
checked-in at the baggage area m during the interval of time t for the purpose of restricting this number to the 
maximum number of bags that the baggage area m can process. The following equations describe this constraint: 




     ∑∑
                       
    
      
                               
Equation 10: Baggage influx. 
Where                     
                    
Equation 11: Maximum baggage. 
 
Critical line size  
As it has been explained before (page 18), there are 9 different queue areas in the airport of Copenhagen. Thus it is 
necessary a new index nєN to identify each queue area. Each queue area has a critical line size and this information is 
introduced into the model with the parameter    . To know which counters belong to each queue area, a binary 
parameter      is used; this parameter only has 1 as a value if the counter j has its place in the queue area n. In the 
same way as for the number of baggage, an approximation of the number of passengers waiting to be served by a 
certain check-in area every 5 minutes has been estimated by Copenhagen Airport and this data is inserted into the 
model with the parameter     . The percentage of queue exceeding in area n at the time t is denoted with the variable 
      In order to calculate the number of passenger waiting in each queue area n in the interval of time t the variable  
     is required. Thence, the equations that give the number of passengers waiting and the exceeding are the 
following ones: 
     ∑∑
                
    
      
                         
Equation 12: Queue. 
Where                     
     
        
   
            
Equation 13: Queue excess. 
Where                     
 





As it has been explained in the page 19, there is one kind of pattern that is not allowed. Therefore, in order to avoid 
making shifts of counters in two consecutive time intervals, the next restrictions are necessary: 
∑       
      
    
                           
Equation 14: Good patterns 1. 
Where         [   ] 
∑       
   
    {           }            
Equation 15: Good patterns 2. 
 
Where tp is another way to index the set T and         is a binary variable that takes 1 as the value if the counter j is 
used by the same check-in area i in the consecutive periods tp and tp+1, otherwise its value is 0.  It works by forcing to 
use the same counters in two consecutive time intervals depending on the evolution of the demand. If the demand is 
constant, all the counters have to be used again in the next interval. If the demand increases, in the next interval of 
time the counters that have been used in the previous one are used and the extra counters needed are opened by the 
side of them. On the other hand, if the demand decreases the counters that are going to be used in the next time 
interval are ones of those that had been used in the previous interval and the other ones are closed. In order to 
illustrate this condition the same example is used. 
Using again the same example, in the first two intervals the demand increases from two to three: 
                                             {   }    
                        
                        
                       
                       
                       
                       
 




Hence, from the first equation two out of the six variables         need to have a 1 as a value and from the following 
equations can be deduced that the only way to have these two 1 is by using the same two counters during the two 
consecutive time intervals. Then, due to the constraint that forces to place the counters consecutively, it will be open 
an adjacent one. Therefore, given a distribution of the counters in the first time interval, the possible distributions in 








1       
2       
3 1 1 1 
4 0 0 1 
5 0 0 0 
6 0 0 0 
Table 7: Example of possible combinations if the demand increases from 2 to 3 counters. 
 
 From the second interval to the third one the demand decreases from 3 to 1 counter: 
                                             {   }    
                        
                        
                        
                        
                        
                        
 
In this case, one of the variables         has to be 1; it means that the counter used in the third interval of time is one 
of those that had been used in the previous interval. Like in the case above, given a distribution of the counters in the 
second interval of time, the possible distributions of the counters in the third one are: 
 













1         
2         
3 1 0 1 0 
4 1 0 0 1 
5 0 0 0 0 
6 0 0 0 0 
Table 8: Example of possible combinations if the demand decreases from 3 to 1 counter. 
 
3.3. Objective function 
The objective function of this model is to minimize the amount of passengers that exceed the critical level and the 
amount of baggage that is double screened. But, since these two aspects don’t need to have the same importance, 
there are two coefficients (   and    ) to give them the convenient significance. Therefore the objective function is: 
     {∑∑    
      
    ∑∑     
      
    } 
Equation 16: Penalty. 
Where        
 
Future improvements 
Since this objective function is linear, the model has some weaknesses. Although in this project it hasn’t been analyzed 
due to the short time available to prepare it, the problem and a possible solution are explained below. 
By using this equation, the way that the excess of queue is distributed doesn’t affect to the objective function. 
Therefore, whether the queue excess is distributed in different queue areas or only in one area the impact in the 
objective function is the same.  
The Table 9 shows an example of two different situations that have the same influence on the objective function but, 
in fact, it is more desirable the case B than the case A due to a better balance of the queue excess.  
  




 Case A Case B 
Variable Queue area 1 Queue area 2 Queue area 1 Queue area 2 
Critical queue level 100 100 100 100 
Total queue 140 100 120 120 
Queue excess 40 % 0 % 20 % 20 % 
Table 9: Example of two possible situations that have the same influence on the objective function. 
 
One possible solution to avoid this situation is to divide the objective function into different intervals which as further 
from the critical level it is as higher the gradient is. Thus, this stepwise linear equation should have a similar shape as 
an exponential equation. The next chart shows the different impact that examples of a linear and stepwise linear 
function have on the objective function.  
 
Figure 11: Example of a linear objective function (red line) and a stepwise linear objective function (blue line) in which there is 
only one queue area with a critical level of 100 passengers. 
 
This table compiles the impact of the two cases by using the objective function described above: 
 Case A Case B 
Objective function Queue area 1 Queue area 2 Total Queue area 1 Queue area 2 Total 
Linear 400 0 400 200 200 400 
Stepwise linear 625 0 625 200 200 400 
















Linear function Stepwise linear function




This example shows that while using a linear function there is no difference between the two cases, by using the 
stepwise linear the case B will be a better solution because the penalty will be reduced by 225 units. 
Since there is no need to even out the amount of baggage double screened along the different areas, the part of the 
equation regarding to it doesn’t have to be changed into a stepwise linear function. However, it can be done if it is 




To sum up, the entire model is: 
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This model has been implemented in GAMS
1
. The reason for choosing this program is the fact that it has been 
specifically designed for modeling mixed integer optimization problems and due to its effectiveness with large and 
complex problems. 
The GAMS version used is 23.7. All he tests have been done on a computer with a 32-bit Operating System of 
Windows Vista. The processor is an Intel® Core™ Duo CPU T8330 @2.40GHz having 2.5Gb of RAM. 
In order to deal with GAMS and prepare the data in a proper way, the official user guide (6) has been used. 
 
4.2. Input 
The data set used in this model was supplied by the Copenhagen Airport. It contains the information of the 25
th
 of                                                                                                                                                     
June 2011.  
 
Input files 
The data set was given in Excel format and split in 7 documents. These files and their content are described below: 
- INPUT-CounterDemand.xlsx: The data regarding to the number of counters that each check-in area requires 
every 5 minutes. 
- INPUT-Queue.xlsx: An approximation of the number of passengers waiting at each check-in area during each 
5-minutes interval. 
- INPUT-BaggageInflux.xlsx: An approximation of the number of bags that have to be checked-in at each check-
in area during each 5-minutes interval. 
- QueueAreaParameters.xlsx: The critical number of people waiting at each queue. 
- BaggageAreaParameters.xlsx: The maximum amount of bags that can be processed every 5 minutes. 
- CounterParameters.xlsx: Data regarding to each check-in counter. Number, counter at right and left side, 
terminal, operation state, baggage belt direction in each period, queue area location and baggage area 
location in each period. 
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 The General Algebraic Modeling System (GAMS) is a high-level modeling system for mathematical programming and 
optimization. It consists of a language compiler and a stable of integrated high-performance solvers. GAMS is tailored 
for complex, large scale modeling applications, and allows you to build large maintainable models that can be adapted 
quickly to new situations. (6) 




- Check-inAreaParameters.xlsx: Data about each check-in area. Name, baggage location and the required 
counters interval. 
All these files have been merged in a convenient way into a new excel document so-called INPUT.xlsx. Its purpose is to 
prepare the data to introduce the different parameters into the model. This file consists of 13 spreadsheets: the first 
one for the sets and the other twelve for the parameters. The location of each one within the file is shown in the 
following table: 
Sets or parameter Spreadsheet 
I, J and Jf Sets 
     CounterDemand 
     QueueInflux 
     BaggageInflux 
      RequiredCounters 
      ClosedCounters 
      QueueAreas 
       BaggageAreas 
    BaggagePeriods 
     BeltDirection 
    BaggageLocation 
    CriticalQueue 
    MaximumBaggage 
 
Table 11: Name of the spreadsheet where each set or parameter is stored. 
 
In the Appendix B, there are examples of these spreadsheets to see them appearance. 
Despite the fact that GAMS cannot communicate with Excel directly, it can do it via GDX
2
 files. These files store the 
values of some symbols such as sets, parameters, variables and equations (7). In this project are used to prepare the 
data for GAMS as well as to present the results of the model. The information regarding to the location of each set 
and parameter has been saved in an external text file denominated datainput.txt with the purpose of simplifying the 
GAMS document and making easier to change the input. 
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 GDX: GAMS Data Exchange. 





In the process of preparing the data for the model some assumptions have been made. In some cases, the data 
concerning to the required counters and baggage location was given for a general check-in area and it has been 
supposed to be the same for each check-in area. For instance, the baggage location of the check-in areas BLX163 and 
BLX657 are not specified as so, instead, there is this information about a general check-in area BLX. Thus, the data of 
these check-in areas has been supposed to be the same (                        ).  
Moreover, some check-in areas didn’t have any information of the required counters. In these cases, the allocation in 
any area of the airport has been permitted. 
 
Infeasible data 
The data provided by Copenhagen Airport is infeasible at some points due to the little freedom of choice of some 
check-in areas i.e. small intervals of required counters. For this reason some changes in the data have been done. 
These infeasibilities and the consequent changes are explained below: 
- The three check-in areas FI_, SK_C and STB can only be allocated in the same nine counters (001-009) but 
there are some periods of time that these check-in areas required more than 9 counters (see Figure 12). 
Therefore, in order to avoid this infeasibility the check-in area SK_C has been moved to the area just in front, 
i.e. the new required counters for the check-in area SK_C are the counters from 021 to 029. 
 




















Counter demand in the counters 001 - 009 
FI_ STB SK_C




- In the same way, the check-in areas JTG241, JTG253, JTG345, JTG359 and PF_565 at some points need 2 
counters each (see Figure 13) but the required counters for both, JTG and PF_, are the same 6 counters (146-
151). To make this interval wider up to 10 counters, 2 counters have been added to each one. Then, the 
required counters for the JTG’s check-in areas are from 144 to 151 and from 146 to 153 for the check-in areas 
of PF_. 
 
Figure 13: Number of counters demanded by the check-in areas JTG241, JTG253, JTG345, JTG359 and PF_565. 
 
- The last infeasibility is because of the length of the check-in area COS, which needs to use all the counters 
between the counter 136 and the counter 147. There are also two check-in areas, YM_ and GO_, which their 
required counters are from 144 to 148 and 150 respectively and their corresponding maximum demand are 2 
and 4 counters (see Figure 14). The problem is that a feasible solution doesn’t exist because this maximum 
demand coincides in the same time intervals in which the COS area has to be open. One possible solution lies 


















Counter demand in the counters 146 - 151 
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Figure 14: Number of counters demanded by the check-in areas COS, YM and GO_. 
 







SK_C 001-009 021-029 
JTG 146-151 144-151 
PF_ 146-151 146-153 
YM_ 144-148 144-149 
GO_ 144-150 144-153 
Table 12: Changes in the data about the required counters interval. 
 
4.3. Output 
The output of the program can be split in two groups, on one hand the operational output and in the other hand the 
analytical output. The description of each output is explained as below: 
- Operational output:  
This output displays the most important information of the model, the variable       . The best way to present 
this information is in a Gantt chart
3
 where for each counter and interval of time, it shows which check-in area 
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is allocated. This kind of charts is very useful to identify the location of each check-in area and to determine 
quickly the opening and finishing hours of each check-in counter.  
 
- Analytical output:  
This output consists of four tables in which the values of the variables           ,      and      are 
presented as well as some charts to illustrate the effects of the solution. 
For the total queue and baggage, an accumulative bar chart showing the different areas and one bar chart for 
each area showing its respective critical level has been created. These charts are useful to determine how the 
passengers and baggage are distributed in each area throughout the day. Regarding to the queue excess, an 
accumulative bar chart per area is convenient to identify in which area and interval of time the limit of 
passengers will be exceeded. The same chart has been chosen for the double screening analysis to determine 
at which moments some bags will arrive at the BF2 and have to be sent to the BF3. Differentiating this chart 
per baggage area helps to identify from which check-in area this baggage comes.    
 
Output files 
The results of this program are also obtained in Excel format. Each of these files consists of three sheets: GAMS 
output, RESULTS and Sets. The first one shows the table with the values of the corresponding variable obtained with 
the program. The second one has the same table but more clearly presented and the charts to illustrate the results. 
While in the last one, there are the lists of the different sets. These three spreadsheets are connected as such a way 
that any check-in area can be added or removed just by updating the information in the sets sheet. The five files 
obtained from the program are: 
- ALLOCATION.xlsx: This file presents the operational output. In the second spreadsheet the Gantt chart is 
displayed. In order to make easier the identification of each check-in area it has been given a different color 
to each check-in area 
- TOTALQUEUE.xlsx: This Excel file shows the analytical output about the distribution of the passengers in the 
different queue areas. 
- TOTALBAGGAGE.xlsx: This file presents the analytical output regarding to the baggage distribution in the 
different baggage areas. 
- QUEUEEXCESS.xlsx: This file displays the analytical output concerning to the queue excess distribution.  
- DOUBLESCREENING.xlsx: This file presents the information about the double screened baggage. 
 




4.4. Size reduction 
Due to the large amount of data and constraints, this program is too big to be run. In order to get an idea of the 
program’s size a recapitulation of the number of equations and variables has been done in the following tables: 
 
Block of equation Quantity 
Demand 18,432 
Counters 30,528 
Fake counters 110,592 
Required counters 1,632,384 
Consecutive 291,818 
Consecutive2 18,432 
Good patterns 1,953,792 
GoodPatterns2 18,432 
Closed counters 0 
Queue 2,592 
Queue excess 2,592 
Baggage influx 2,880 
Maximum baggage 1,440 
Double screening 1 2,880 




Table 13: Number of single equations generated by the 
program for each block of equations. 
 
 
Variable Quantity Blocs of equations 
       1,953,792 12 
        1,953,792 2 
        1,953,792 2 
     2,592 2 
     2,592 2 
     1,440 2 
     1,440 2 
  1 1 
TOTAL 5,869,441   
 
Table 14: Number of variables generated in the program and 
number of blocs of equations where the variable appears. 
 
 
From the Table 13 it can be appreciated that this model generates a huge number of equations. As it has been 
explained before (page 27) the fake counters equation is a redundant constraint, but just removing it from the model 
will not be enough. The Table 14 shows that there are a large number of variables, and the main contribution is due to 
the binary ones. It can be also deduced that a good solution will be to reduce the number of variables        because of 
its appearance in many blocks of equations. By reducing the number of variables the number of equations will be 
reduced as well as its length. 




GAMS offers some ways to reduce these figures without altering the model. There are equations that can be removed 
by using the attribute holdfixed
4
. In this model this attribute can reduce the problem size a lot because it can eliminate 
the constraints regarding the counters layout, counters out of operation and the required counters. Furthermore, this 
will reduce the number of variables because the variables which are fixed are treated as a constant. Despite the fact 
that is not a constraint, fixing to 0 all the variables        whenever the demand is 0 will reduce a lot the number 
variables too. In the next table, it has been calculated the reduction in the number of variables        that each 
constraint can do separately:  
Equation Condition Fulfilled condition Variables        fixed Reduction 
Fake counters      6 110,596 6% 
Closed counters         0 0 0% 
Required counters         5,284 1,521,792 82.56% 
(Positive demand)        15,476 1,547,600 83.96% 
 
Table 15: Reduction obtained by using the holdfixed attribute in some equations. 
 
Another way to reduce some constraints is by controlling the domain definition of some equations (conditional 
equations) with the dollar operator
5
. This has been applied to the equations that ensure a cluster counter per check-in 
area and the equations that only allow good patterns. The condition applied to the equations that allocate the 
counters consecutively is to have demand, because whereas the demand is 0, it has no sense to decide which counter 
is the first one. And regarding to the good patterns constraint, the condition used is to have demand in two successive 
intervals of time, because if there is no demand in one of them or both it has no sense to avoid the possibility of 
shifting the counters. 
  
                                                                
4
 holdfixed is a model attribute used before solve. This attribute treats the fixed variables as constants. (6) 
5
 The purpose of the dollar control over the domain of definition of equations is to restrict the number of constraints 
generated to less than that implied by the domain of the defining sets. (6) 




All these changes reduce the size of the program enough to be able to execute it. The Table 16 and Table 17 show the 
amount of equations and variables obtained with these measures and the corresponding reduction in comparison 
with before applying these changes.  
 
 
Table 16: Number of single equations generated by the 
program for each block of equations after the size reduction 
and the percentage of reduction. 
 
Equation Quantity Reduction 
Demand 2,753 85.06% 
Counters 18,100 40.71% 
Fake counters - 100.00% 
Required counters - 100.00% 
Consecutive 291,818 0.00% 
Consecutive2 2,753 85.06% 
Good patterns 283,868 85.47% 
GoodPatterns2 2,678 85.47% 
Closed counters - 100.00%
6
 
Queue 2,592 0.00% 
Queue excess 2,592 0.00% 
Baggage influx 2,880 0.00% 
Maximum baggage 1,440 0.00% 
Double screening 1 1,440 50.00% 
Double screening 2 1,602 99.46% 
Penalty 1 0.00% 
TOTAL 614,517 85.98% 
 
 
Table 17: Number of variables generated in the program after 
the size reduction and the percentage of reduction. 
Variable Quantity Reduction 
       30,256 98.45% 
        291,818 85.06% 
        283,868 85.47% 
     2,592 0.00% 
     2,592 0.00% 
     1,440 0.00% 
     1,440 0.00% 
  1 0.00% 
TOTAL 614,007 89.54% 
  
                                                                
6
 Since in this example all the the counters are available, there isn’t closed counters equations. But in the case that 
exist some, by fixing the variables in this way all of them would be eliminated. 




5. Results and discussion 
 
In this chapter the results from the model will be presented. The criteria used to assess whether the model works well 
or not are: 
1. It has to allocate all the check-in areas under the given conditions. 
2. It has to even out the queue excess along the different check in areas. 
3. It has to minimize the double screed baggage. 
 
5.1. Solution assessment 
The output files of this model are presented in the Appendix C: Output data.  
From the Gantt chart it can be deduced that the program can allocate the check-in areas meeting the demand under 
the given constraints:  
- All the counters used by each check-in area are clustered. 
- All the check-in areas respect the layout distribution. 
- Each the check-in areas are allocated in their required counters interval. 
- There are not shifts of counters in two consecutive time intervals.  
- The baggage level at any area is below its maximum level. 
-  All the check-in areas that have the baggage location in the BF2 are allocated in the baggage area 5 (the only 
one that directs the baggage towards this baggage factory). 
Concerning to the queue excess minimization, in this solution there are only two periods in which the critical level of 
passengers is exceeded. In this solution, the queue excess is not even out along the check-in areas, but the contrary, it 
is concentrated in only one queue area. Since the queue excess is quite big (up to 35%) it could be convenient to 
change the objective function into a stepwise linear function as it has been explained in the section 3.3. 
 Regarding to the double screening issue, in the solution obtained there aren’t any bags that have to be double 
screened. Since this situation is very desirable for the Copenhagen Airport a high penalty was given to it. Nevertheless, 
in future improvements of the program, it can be a good idea to lower this value; because, despite the fact that it 
could lead to the existence of double screening baggage, the amount of queue excess can be reduced. 
The main problem is about the running time. This program needs 8 hours and 47 minutes to obtain a solution. This 
makes this program impractical due to the lack of flexibility to last-minute changes. For instance, one check-in counter 
could break down at the end of the day and no solution can be found for the next day. 




A practical running time for Copenhagen Airport is about 15 minutes. Although the optimization of this running time 
was not a target of this thesis, three possible ways to reduce it has been proposed and tested. These alternatives are 
presented in the next section.   
 
5.2. Alternatives 
In order to solve this problem the next strategies to reduce the amount of data has been tried:  
- Terminal division 
- Time division 
- 15-minutes intervals data 
 
Terminal division 
It is possible to calculate a solution for each terminal independently because there are not required counter intervals 
which has counters in both terminals, thus it is easy to divide the check-in areas between the terminals. Since the only 
baggage areas which direct the baggage towards BF2 are in the Terminal 2, the check-in areas that don’t have any 
required counters interval have been placed in this terminal to avoid any infeasible solution. By using this alternative 
the check-in area set (I) and check-in counter set (J) are reduced significantly. 






This alternative consists in finding the solution by periods of time. There are many ways to structure this alternative 
but in this case it has been divided into 3 intervals. First of all the solution for the peak hour’s period has been 
calculated, this period is the second period in the Figure 15 and it is from 05:00 to 15:00. Then the previous and next 
period has been added. In order to attach all the results in a proper way, the allocation of check-in areas at the 05:00 
and 15:00 interval of time obtained by solving the second period, has been entered as a constant in the other two 
periods. With this alternative the size of the time set (T) is reduced considerably in each execution.  
      Objective function Running time 
Terminal 2 994.667 1h 8’ 48’’ 
Terminal 3 992.667 30’’ 
Total 1,987.334 1h 9’ 18’’ 
Table 18: Results of the terminal division alternative. 
 





Figure 15: Time division into three periods. First period from midnight to 05:00, the second one until 15:00 (peak hours) and the 
last one the remaining time. 
 







15-minutes interval data 
This alternative provides a less detailed analysis and consists in solving the problem in the same way as the original 
one but changing the input data from 5-minutes intervals to 15-minutes intervals. In order to adapt the data, the 
maximum between the 3 intervals has been chosen as a value of the corresponding 15-minutes interval. Therefore, 
the solution obtained with this alternative will use more counters than the strictly needed and the efficiency of the 
resources will be affected. By using this alternative the time set (T) will be reduced to a third. In order to calculate this 




















Total counter demand 
1st period 2nd period 3rd period
    Objective function Running time 
2
nd
 period 992.667 21’ 57’’ 
1
st
 period 0 1’’ 
3
rd
 period 994.667 15’’ 
Total 1,987.334 22’ 13’’ 
Table 19: Results of the time division alternative. 










From the Table 20 it can be deduced that both the terminal and time division are interesting because they find a 
solution with the same objective value while the running time is reduced a lot. The fact that the value of the objective 
function is the same doesn’t mean that the allocation is exactly identical because the optimal solution is not unique, 
but this doesn’t mind if the amount of queue excess and the double screened baggage are equal. Due to the alteration 
of the data, the objective value of the 15-minutes interval strategy cannot be compared to the original one. If 
Copenhagen Airport accepts the fact that in this strategy more counters are used, it would be the fastest one. 
Nevertheless, the time division strategy gives also a short running time; a deeper study of it and the possibility of 
combining it with the terminal division can lead into a further reduction in the running time. 
  
Strategy Objective function Running time Reduction 
Original 1,987.333 8h 47’ 54’’ - 
Terminal division 1,987.334 1h 9’ 18’’ 86.85% 
Time division 1,987.334 22’ 13’’ 95.78% 
15-minutes intervals 1,077.667 15’ 19’’ 97.06% 
Table 20: Objective function value and running time obtained using each strategy and the percentage of time saved with each 
alternative. 





In this project, a model for the check-in counter allocation in the airport of Copenhagen has been created. The 
purpose was to allocate the different departure flights along the check-in counters throughout 24 hours in intervals of 
time of 5 minutes. In order to assess the reliability of the model, it has been implemented and tested. The data of the 
numerical test performed to evaluate the model is from 25
th
 of June 2011. Based on the output files obtained with this 
test, the conclusion is that the model succeeds in allocating the different check-in areas along the check-in counters 
under the given conditions whereas it minimize the excess of queue and the amount of baggage double screened.  
Nevertheless, the running time of the program is too long to consider it a practical tool. Due to the large number of 
variables and constraints, this program needs about 8 hours and 45 minutes to obtain the solution. In order to reduce 
the running time three strategies have been tested. These strategies consist in calculate the solution dividing the data 
(terminal division and time division) or reducing the amount of data by increasing the intervals of time up to 15 
minutes instead of 5 minutes (15-minutes interval data). Each of these strategies gives a similar solution and reduces 
the running time. The bests running times are achieved with the 15-minutes interval data (15’ 19’’) and with the time 
division (22’ 13’’). Since the 15-minutes interval data is a less detailed alternative and affects to the optimization of 
the resources, the best solution is the time division strategy. However, it has been suggested to study more deeply 
these alternatives to obtain a further reduction in the running time. 
In this project, it has been presented other possible improvements that in future versions of this model may be taken 
into account. These improvements are concerning to an analysis of the objective function to even out the queue 
excess along the different areas, the inclusion of the extra conditions presented if data about them is provided and an 
analysis of how the acceptable but not desirable patterns can be considered in the objective function. 
Moreover, the possibility of applying this model into other international airports can be studied. 
Overall, the conclusion is that this model is successful in solving the problem presented by Copenhagen Airport. But, 
as it has been explained before, there is an ample room for future improvements but this is a good foundation from 
which to proceed.   
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   t time period /1*288/ 
   n queue area /n_1*n_9/ 
   m baggage area /m_1*m_5/ 
   p baggage period /p_1*p_2/; 
 















   alias (j,jp); 




Scalars QP "Queue penalty" /500/ 







































































X(i,j,t) "The check-in area i is allocated in the counter j in the interval the time t" 
Y(i,jp,t) "The counter j is the first one used by the check-in area i in the interval of 
time t 
R(i,j,tp) "The counter j is used by the check-in area i in the interval of time t and 
t+1" 
TQ(t,n) "Total queue in the area n in the interval of time t" 
QE(t,n) "Percentage of queue excess in the queue area n with respect its critical level 
in the interval of time t" 
TB(t,m) "Total number of bags checked-in at the baggage area m during the interval of 
time t" 
DS(t,m) "Total number of bags double screened of the baggage area m during the interval 
of time t" 
z "Total penalty" ; 
 
 
binary variable X 
binary variable Y 
binary variable R 
positive variable TQ 
positive variable QE 
positive variable TB 
positive variable DS; 













Demand(i,t) "Each check-in area has to be as big as the demand" 
Counters(j,t) "Every counter can be used by at most one check-in area at the same time" 
Consecutive(i,jp,t) "Each check-in area needs to have consecutive counters" 
Consecutive2(i,t) "Complementary restriction for consecutive counters condition" 
GoodPatterns(i,j,tp) "Patterns without shifts" 
GoodPatterns2(i,tp) "Complementary restriction for patterns without shifts" 
Queue(t,n) "Total queue in the area n at the interval of time t" 
QueueExcess(t,n) "Percentage of queue excess in each queue area at the interval of time 
t" 
BaggageInflux(t,m,p) "Total number of bags that are checked-in in the baggage area m 
during the interval of time t" 
MaximumBaggage(t,m) "The total number of bags that are checked-in in at the baggage area 
m at time t cannot exceed the maximum level" 
DoubleScreening1(t,m,p) "Total number of bags which their make-up location is BF3 but are 
directed towards BF2" 
DoubleScreening2(i,j,t,m,p) "Baggage going to BF2 must to be checked-in at a group of 
counters which is directed towards BF2" 





Consecutive(i,jp,t)$(d(i,t)>0).. sum(j$(ord(j)>=ord(jp) and ord(j)<(ord(jp)+d(i,t))), 
X(i,j,t))=g=(d(i,t))*Y(i,jp,t); 
Consecutive2(i,t)$(d(i,t)>0)..  sum(jp,Y(i,jp,t))=e=1; 
GoodPatterns(i,j,tp)$(d(i,tp)>0 and d(i,tp+1)>0).. sum(t$(ord(t)>=ord(tp) and 
ord(t)<=(ord(tp)+1)),X(i,j,t))=g=R(i,j,tp)*2; 







DoubleScreening1(t,m,p)$(K(p,t)=1).. DS(t,m)=e=sum(i$(BD(m,p)=0 and BL(i)=1 and 
d(i,t)>0),sum(j,(b(i,t)*ba(p,m,j)*X(i,j,t))/d(i,t))); 






MODEL PROJECT /ALL/; 
PROJECT.holdfixed=1; 























X.l(i,j,t)$(Not X.l(i,j,t)) = EPS; 
Display X.l; 
 
TQ.l(t,n)$(Not TQ.l(t,n)) = EPS; 
Display TQ.l; 
 
QE.l(t,n)$(Not QE.l(t,n)) = EPS; 
Display QE.l; 
 
TB.l(t,m)$(Not TB.l(t,m)) = EPS; 
Display TB.l; 
 




execute_unload "ALLOCATION.gdx" X.l 
execute 'gdxxrw.exe ALLOCATION.gdx var=X.L merge' 
 
execute_unload "TOTALQUEUE.gdx" TQ.l 
execute 'gdxxrw.exe TOTALQUEUE.gdx var=TQ.L merge' 
 
execute_unload "QUEUEEXCESS.gdx" QE.l 
execute 'gdxxrw.exe QUEUEEXCESS.gdx var=QE.L merge' 
 
execute_unload "TOTALBAGGAGE.gdx" TB.l 
execute 'gdxxrw.exe TOTALBAGGAGE.gdx var=TB.L merge' 
 
execute_unload "DOUBLESCREENING.gdx" DS.l 
execute 'gdxxrw.exe DOUBLESCREENING.gdx var=DS.L merge' 
 
  




Appendix B: Input files 
B.1. Sets 
 





Figure 17: Excel spreadsheet - Counter demand. 
 
 










Figure 19: Excel spreadsheet - Baggage influx. 
 










Figure 21: Excel spreadsheet - Closed counters. 
 










Figure 23: Excel spreadsheet - Baggage area. 










Figure 25: Excel spreadsheet - Belt direction. 
 






Figure 26: Excel spreadsheet - Baggage location. 
 
Critical queue level 
 
Figure 27: Excel spreadsheet - Critical queue level. 
 











Check-in counter allocation at Copenhagen Airport






























































110 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335
111 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335
112 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335
113 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335 TK_7335
114 ME_ ME_ ME_ ME_ ME_ ME_ ME_
































147 PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_
148 PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_ PC_






C.1. Counter allocation: Gantt chart
Appendix C: Output data
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02:00 02:05 02:10 02:15 02:20 02:25 02:30 02:35 02:40 02:45 02:50 02:55 03:00 03:05 03:10 03:15 03:20 03:25 03:30 03:35 03:40 03:45 03:50 03:55
AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK
















































































































04:00 04:05 04:10 04:15 04:20 04:25 04:30 04:35 04:40 04:45 04:50 04:55 05:00 05:05 05:10 05:15 05:20 05:25 05:30 05:35 05:40 05:45 05:50 05:55
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB
STB STB STB STB STB STB
SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE
STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE STE
STE STE STE STE STE STE STE STE STE STE STE STE
STE STE STE STE STE STE STE STE STE STE STE STE
TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748
TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748 TF_748
SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS
SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS
SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS
SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS
SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS
SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS SGS
DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 RC_451 RC_451 RC_451 RC_451 RC_451
DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431
DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431 DK_431
BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163
BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163
BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163 BLX163
DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415
DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415
DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415 DK_415
TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704
TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704 TF_704
AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_
AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_ AB_
OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI
OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI OAI
BA_ BA_ BA_ BA_ BA_ BA_ BA_ BA_
BA_ BA_ BA_ BA_ BA_ BA_ BA_ BA_
BA_ BA_ BA_ BA_ BA_ BA_ BA_ BA_
BA_ BA_ BA_ BA_ BA_ BA_ BA_ BA_
AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK
AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK AFK
SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_
SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_ SN_
JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345
JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345 JTG345
JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241
JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241 JTG241
JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253
JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253 JTG253
JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359
JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359 JTG359
PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565
PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565 PF_565
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06:00 06:05 06:10 06:15 06:20 06:25 06:30 06:35 06:40 06:45 06:50 06:55 07:00 07:05 07:10 07:15 07:20 07:25 07:30 07:35 07:40 07:45 07:50 07:55
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_ FI_
FI_ FI_ FI_ FI_ FI_ FI_ FI_
STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB
STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB
STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB
STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB STB
STB STB STB STB STB STB STB STB STB STB STB STB
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C SK_C
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C.2. Queue distribution 
Time 1 2 3 4 5 6 7 8 9  Time 1 2 3 4 5 6 7 8 9 
00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0  06:00 0.0 0.0 3.5 19.0 0.2 46.5 5.7 38.5 0.0 
00:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0  06:05 0.0 0.0 6.9 18.3 0.0 73.6 5.2 42.4 0.0 
00:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0  06:10 0.0 0.0 13.3 17.6 0.0 80.9 8.7 44.8 0.0 
00:15 0.0 0.0 0.0 0.0 0.0 0.2 0.0 4.2 0.0  06:15 0.0 0.0 17.7 15.8 0.0 71.9 11.2 42.6 0.0 
00:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.4 0.0  06:20 0.0 0.0 22.7 13.8 0.0 69.4 14.4 37.5 0.0 
00:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.2 0.0  06:25 1.4 0.0 29.4 9.9 0.0 65.9 16.9 31.4 0.0 
00:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.8 0.0  06:30 0.0 0.0 32.7 7.4 2.5 57.9 18.1 26.2 0.0 
00:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.1 0.0  06:35 0.0 0.0 38.3 4.0 0.0 46.1 16.8 20.9 0.0 
00:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21.6 0.0  06:40 4.2 0.0 49.0 2.6 0.0 31.7 16.7 17.2 0.0 
00:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.0 0.0  06:45 10.7 0.0 59.9 1.6 0.4 28.4 16.3 14.3 0.3 
00:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.4 0.0  06:50 24.8 0.0 62.2 3.3 0.0 29.8 16.6 10.5 0.0 
00:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.6 0.0  06:55 39.8 0.0 58.3 5.6 0.0 31.1 15.9 6.5 1.8 
01:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.0 0.0  07:00 47.4 0.0 54.7 8.6 0.0 26.2 16.4 2.3 3.0 
01:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.3 0.0  07:05 58.0 0.0 47.8 12.3 0.0 18.8 14.4 0.0 5.3 
01:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.8 0.0  07:10 69.6 0.0 45.0 16.6 0.0 12.6 11.2 0.0 7.5 
01:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:15 83.0 0.0 39.5 21.2 0.0 10.4 5.8 0.0 9.1 
01:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:20 95.0 0.0 30.7 26.0 0.0 4.1 0.7 0.0 9.1 
01:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:25 102.9 0.0 18.4 29.6 0.0 0.0 0.0 0.0 10.4 
01:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:30 110.9 0.0 12.8 34.4 0.0 0.0 0.0 0.0 10.7 
01:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:35 113.4 0.0 10.9 36.2 0.0 0.0 0.0 0.0 10.1 
01:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:40 113.4 0.0 4.2 38.1 0.0 0.0 0.0 0.0 7.9 
01:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:45 109.4 0.0 0.0 38.6 0.0 0.0 0.0 0.0 5.9 
01:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:50 103.7 0.0 0.0 38.8 0.0 0.0 0.7 0.0 1.5 
01:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  07:55 97.3 0.0 0.0 38.5 0.0 0.0 4.0 0.0 0.0 
02:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:00 87.2 0.0 0.0 38.7 0.0 0.0 42.4 0.0 0.0 
02:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:05 75.8 0.0 0.0 38.1 0.0 0.2 38.6 0.0 0.0 
02:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:10 64.8 0.0 0.0 38.3 0.0 0.0 35.1 0.0 0.0 
02:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:15 55.8 0.0 0.0 40.9 45.0 0.0 32.8 0.0 0.0 
02:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:20 43.0 45.2 0.0 41.9 46.8 0.0 31.6 0.0 0.0 
02:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:25 27.9 47.3 0.0 42.5 49.9 0.0 29.8 47.2 0.0 
02:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:30 28.6 50.7 0.0 43.7 54.4 0.0 27.2 37.6 0.0 
02:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:35 26.5 55.4 0.0 44.0 62.5 0.0 25.5 28.9 0.0 
02:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:40 23.2 63.9 0.0 44.4 67.0 0.0 22.5 19.8 0.0 
02:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:45 17.8 68.6 0.0 43.4 67.2 0.0 19.1 10.5 0.0 
02:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:50 12.0 69.1 0.0 42.0 65.6 0.0 20.6 2.1 0.0 
02:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  08:55 7.6 67.8 0.0 39.8 62.5 0.0 22.5 2.5 0.0 
03:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:00 3.9 65.0 0.0 37.9 61.8 68.8 22.8 3.0 0.0 
03:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:05 0.0 64.6 0.0 34.0 59.6 64.8 24.5 3.6 0.0 
03:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:10 0.0 62.7 0.0 30.2 55.3 68.3 24.7 4.7 0.0 
03:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:15 4.7 58.6 0.0 28.0 47.5 64.0 23.9 5.1 0.0 
03:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:20 9.8 51.1 0.0 25.1 39.6 62.4 23.9 6.4 0.0 
03:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:25 9.6 43.5 38.4 20.0 34.6 61.6 21.9 7.5 0.0 
03:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:30 9.4 38.8 40.2 20.7 35.1 61.0 20.0 6.3 0.0 
03:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:35 12.3 34.4 43.0 22.7 25.8 55.7 19.0 4.9 0.0 
03:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:40 16.5 28.7 65.1 26.1 19.4 50.2 19.1 3.1 0.0 
03:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:45 22.7 24.5 65.3 28.9 14.1 44.0 18.9 2.5 0.0 
03:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:50 25.0 19.4 63.7 30.6 34.9 36.6 18.9 0.0 0.0 
03:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0  09:55 22.3 12.6 59.0 31.4 43.9 30.0 17.4 0.0 0.0 
04:00 2.0 0.0 80.0 8.3 0.0 0.0 0.0 0.0 0.0  10:00 27.0 5.5 57.2 28.6 37.7 23.0 17.0 0.0 0.0 
04:05 0.0 0.0 64.3 8.1 0.0 0.0 0.1 0.0 0.0  10:05 32.3 0.0 54.7 26.5 32.2 15.9 16.4 0.0 0.0 
04:10 0.0 0.0 48.4 7.3 0.0 0.0 0.0 0.0 0.0  10:10 40.2 0.0 55.6 27.0 25.7 8.6 15.4 0.0 0.0 
04:15 0.0 0.0 37.4 7.7 0.0 0.0 0.9 0.0 0.0  10:15 45.1 0.0 52.6 25.5 19.5 0.9 14.9 0.0 0.0 
04:20 0.0 0.0 34.3 7.7 0.0 0.0 2.5 0.0 0.0  10:20 47.5 0.0 50.9 23.7 15.4 0.0 17.1 0.0 0.0 
04:25 0.0 0.0 37.2 8.4 0.0 0.0 5.9 12.3 64.5  10:25 48.3 0.0 45.3 22.0 0.0 0.0 16.0 0.0 0.0 
04:30 0.0 0.0 42.8 6.6 121.8 0.0 5.5 34.1 57.5  10:30 42.5 0.0 41.3 21.3 0.0 0.0 15.2 0.0 0.0 
04:35 0.0 0.0 49.3 5.5 110.1 0.0 6.6 40.0 51.2  10:35 38.8 0.0 41.6 21.6 0.0 0.0 15.4 0.0 0.0 
04:40 0.0 0.0 60.1 4.5 98.9 0.0 4.1 36.9 48.7  10:40 36.6 0.0 38.2 24.7 0.0 0.0 14.4 0.0 0.0 
04:45 0.0 0.0 70.1 4.8 72.5 0.0 6.3 39.8 45.9  10:45 32.2 0.0 28.3 24.9 0.0 0.0 12.3 0.0 0.0 
04:50 0.0 0.0 78.1 6.6 53.1 70.8 7.4 45.6 46.2  10:50 30.0 0.0 23.1 26.7 0.0 0.0 10.8 0.0 0.0 
04:55 0.0 0.0 85.4 8.5 33.5 72.8 8.6 51.2 48.7  10:55 25.1 0.0 19.2 27.5 39.5 0.0 8.8 0.0 0.0 
05:00 0.0 0.0 96.3 5.0 101.3 74.1 10.6 55.0 96.5  11:00 46.2 0.0 11.1 27.8 42.7 0.0 15.4 0.0 0.0 
05:05 2.9 0.0 103.7 5.2 136.1 71.8 11.9 59.2 92.0  11:05 39.4 0.0 3.6 28.2 47.0 0.0 14.1 0.0 0.0 
05:10 3.5 0.0 102.8 4.3 117.6 73.2 15.2 77.9 88.1  11:10 30.6 0.0 4.4 27.3 52.5 0.0 16.2 0.0 0.0 
05:15 8.8 0.0 108.1 4.9 97.9 75.3 17.1 73.5 78.2  11:15 30.4 0.0 2.9 26.3 61.0 0.0 17.5 0.0 0.0 
05:20 11.3 0.0 112.6 6.1 82.5 76.1 25.0 75.8 73.4  11:20 29.0 0.0 1.0 24.7 66.5 0.0 19.0 0.0 0.0 
05:25 14.4 0.0 111.1 7.1 70.2 72.9 20.9 84.3 73.0  11:25 28.8 71.7 7.3 23.8 68.3 0.0 61.9 0.0 0.0 
05:30 9.9 0.0 92.3 9.6 57.6 67.2 15.9 87.1 69.5  11:30 19.8 73.6 4.2 21.7 68.7 0.0 56.0 28.8 0.0 
05:35 6.3 0.0 68.7 11.7 38.3 60.7 12.8 80.7 57.4  11:35 11.2 77.5 2.0 18.9 67.8 0.0 52.0 24.2 0.0 
05:40 2.2 0.0 48.3 14.0 27.9 54.9 11.7 62.3 42.8  11:40 2.8 83.6 0.1 15.9 68.9 3.5 45.3 18.8 0.0 
05:45 0.0 0.0 31.8 14.7 21.2 49.0 9.9 46.2 24.6  11:45 0.0 95.7 0.0 14.2 68.7 0.0 39.0 13.6 0.0 
05:50 0.0 0.0 15.9 17.6 13.9 40.7 6.4 38.6 7.1  11:50 0.0 101.9 0.0 13.2 66.8 0.0 32.1 8.5 43.6 
05:55 0.2 0.0 0.0 19.9 9.4 33.0 4.4 35.3 0.2  11:55 0.0 101.1 0.0 12.7 61.9 0.0 26.0 3.1 40.7 
 




Time 1 2 3 4 5 6 7 8 9   Time 1 2 3 4 5 6 7 8 9 
12:00 0.0 97.5 0.0 8.1 122.4 0.0 23.7 0.0 36.9  18:00 5.1 0.0 0.0 6.7 0.0 0.0 0.0 0.0 0.0 
12:05 0.0 91.4 0.0 4.7 113.6 0.0 20.5 0.0 33.2  18:05 2.3 0.0 0.0 6.6 0.0 0.0 0.0 0.0 0.0 
12:10 0.0 89.2 0.0 1.9 106.8 0.0 15.9 0.0 29.7  18:10 0.4 0.0 0.0 7.2 0.0 0.0 0.0 0.0 65.4 
12:15 2.3 84.5 0.0 0.7 100.3 0.0 13.9 0.0 25.7  18:15 0.0 0.0 0.0 7.5 0.0 0.0 0.0 0.0 59.1 
12:20 6.4 76.5 0.0 0.8 93.5 0.2 12.1 0.0 21.7  18:20 1.7 0.0 0.0 9.0 0.0 32.3 0.0 0.0 54.6 
12:25 14.7 62.7 0.0 2.7 86.5 1.3 12.3 0.0 17.5  18:25 2.2 0.0 0.0 9.6 0.0 28.0 0.0 0.0 51.4 
12:30 6.7 48.9 0.0 0.0 100.1 2.7 12.4 0.0 12.8  18:30 7.9 0.0 0.0 12.3 0.0 23.0 0.0 0.0 46.7 
12:35 6.9 39.8 0.0 0.0 79.5 4.6 10.0 0.0 7.2  18:35 12.7 0.0 0.0 14.1 0.0 18.1 0.0 0.0 42.5 
12:40 12.9 31.0 15.8 0.5 57.3 8.0 8.7 0.0 1.8  18:40 17.3 0.0 0.0 15.8 0.0 13.3 0.0 0.0 38.5 
12:45 17.7 20.3 15.4 1.6 40.7 11.9 8.2 40.4 0.0  18:45 23.7 0.0 0.0 17.7 0.0 8.1 10.8 0.0 31.4 
12:50 25.3 11.9 10.9 4.6 25.8 16.7 6.6 30.8 2.1  18:50 29.2 0.0 0.0 19.1 0.0 2.9 4.8 0.0 24.1 
12:55 34.4 2.2 5.8 7.6 0.0 22.2 6.3 21.6 1.8  18:55 34.4 0.0 0.0 20.9 0.0 0.0 0.0 88.4 16.3 
13:00 45.7 0.0 0.4 12.2 0.0 0.0 7.9 11.9 4.5  19:00 30.0 0.0 0.0 18.1 0.0 0.0 0.0 83.0 7.8 
13:05 62.0 0.0 0.0 19.8 5.2 0.0 7.7 3.1 5.2  19:05 25.0 0.0 0.0 14.7 0.0 0.0 0.0 79.9 0.0 
13:10 74.9 0.0 0.0 25.8 1.9 0.0 34.9 0.0 6.4  19:10 21.9 0.0 0.0 11.9 0.0 0.0 0.0 114.7 0.0 
13:15 83.9 0.0 0.0 31.5 0.0 0.0 30.9 0.0 7.9  19:15 17.9 0.0 0.0 8.6 0.0 0.0 0.0 104.4 0.0 
13:20 90.4 0.0 4.4 37.3 0.0 0.0 27.1 0.4 12.8  19:20 13.8 0.0 0.0 4.8 0.0 0.0 0.0 95.3 0.0 
13:25 94.3 0.0 4.1 40.9 0.0 0.0 23.4 0.6 16.0  19:25 10.9 0.0 0.0 1.0 0.0 0.0 0.0 85.3 0.0 
13:30 102.0 0.0 4.2 45.7 117.3 0.0 24.5 0.8 21.6  19:30 8.2 0.0 0.0 3.1 0.0 0.0 0.0 71.7 0.0 
13:35 107.4 0.0 3.2 51.3 99.6 0.0 24.1 0.9 27.8  19:35 3.7 0.0 0.0 4.2 0.0 0.0 0.0 57.8 0.0 
13:40 111.2 0.0 5.1 55.6 85.0 0.0 25.7 1.6 33.1  19:40 6.1 0.0 0.0 5.2 0.0 0.0 0.0 49.5 0.0 
13:45 111.3 0.0 3.9 58.3 73.0 0.0 27.5 2.1 32.7  19:45 0.0 0.0 0.0 7.2 0.0 0.0 0.0 41.1 0.0 
13:50 110.9 0.0 2.1 61.0 58.3 0.0 27.2 2.0 31.1  19:50 0.0 0.0 0.0 7.7 0.0 0.0 0.0 33.4 0.0 
13:55 110.2 0.0 9.6 61.7 44.5 0.0 26.2 0.3 25.8  19:55 0.0 0.0 0.0 7.8 0.0 0.0 0.0 25.4 0.0 
14:00 108.9 0.0 21.7 61.4 30.9 0.0 23.9 42.4 30.9  20:00 0.0 0.0 0.0 7.3 0.0 0.0 0.0 17.3 0.0 
14:05 105.4 0.0 27.2 60.4 11.5 0.0 21.1 39.3 26.0  20:05 0.0 0.0 0.0 6.8 0.0 0.0 0.0 9.0 0.0 
14:10 102.7 0.0 36.0 58.8 0.0 0.0 17.4 39.6 18.8  20:10 0.0 0.0 0.0 6.2 0.0 0.0 0.0 0.4 0.0 
14:15 98.2 0.0 39.2 54.8 0.0 0.0 14.5 39.2 12.4  20:15 0.0 0.0 0.0 5.2 0.0 0.0 0.0 0.0 0.0 
14:20 89.4 0.0 45.5 49.0 0.0 0.0 10.9 40.2 7.5  20:20 0.0 0.0 0.0 3.4 0.0 0.0 0.0 0.0 0.0 
14:25 79.2 0.0 48.7 42.7 78.2 5.0 5.3 39.5 5.4  20:25 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 
14:30 74.8 0.0 51.0 43.0 74.9 0.0 3.4 38.8 2.5  20:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14:35 68.7 0.0 45.3 43.3 69.8 0.0 2.3 34.0 0.0  20:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14:40 60.6 0.0 45.2 42.5 56.5 0.0 2.4 87.5 0.5  20:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14:45 51.1 0.0 49.1 39.5 43.4 0.0 2.9 84.5 0.5  20:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14:50 39.9 0.0 47.4 35.7 49.9 0.0 3.4 84.1 1.3  20:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
14:55 27.3 0.0 46.7 31.0 47.0 0.0 4.4 83.3 1.3  20:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:00 30.8 0.0 49.1 30.3 48.8 0.0 4.5 84.5 0.0  21:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 
15:05 32.3 0.0 41.3 28.5 62.6 0.0 4.3 79.5 0.0  21:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:10 32.0 0.0 37.9 26.0 196.2 0.0 3.5 74.2 0.0  21:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:15 30.4 0.0 36.8 22.8 201.7 0.0 1.6 63.2 0.0  21:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:20 28.8 0.0 37.7 19.3 203.5 0.0 0.1 56.3 0.0  21:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:25 26.7 0.0 35.5 15.4 199.9 0.0 1.0 57.2 0.0  21:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:30 24.4 0.0 37.4 14.6 190.3 0.0 2.0 55.6 0.0  21:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:35 23.0 0.0 38.8 14.2 178.7 0.0 4.5 54.8 0.0  21:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:40 20.5 0.0 42.2 13.7 171.8 0.0 7.6 54.2 0.0  21:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:45 19.1 0.0 41.7 12.9 156.3 0.0 9.9 48.4 0.0  21:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:50 15.4 0.0 43.3 11.6 144.7 0.0 12.9 42.3 0.0  21:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15:55 10.5 0.0 42.0 9.3 138.1 0.0 16.8 35.5 0.0  21:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:00 11.9 0.0 40.4 9.2 131.4 0.0 17.3 27.4 0.0  22:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:05 13.0 0.0 44.8 9.1 130.1 0.0 19.7 20.0 0.0  22:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:10 13.4 0.0 40.8 8.6 129.2 0.0 19.8 17.0 0.0  22:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:15 13.8 0.0 39.1 8.1 126.1 0.0 19.9 13.7 0.0  22:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:20 14.1 0.0 36.0 7.3 125.7 0.0 19.3 10.1 0.0  22:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:25 12.9 0.0 27.5 5.9 123.7 0.0 19.3 6.2 0.0  22:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:30 11.7 0.0 14.4 4.2 118.5 0.0 18.0 2.2 0.0  22:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:35 10.0 0.0 2.8 2.4 112.6 0.0 15.7 0.0 0.0  22:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:40 7.8 0.0 6.7 0.3 105.0 0.0 12.8 0.0 0.0  22:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:45 5.8 0.0 9.5 0.0 97.3 0.0 9.4 0.0 0.0  22:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:50 3.2 0.0 12.6 0.0 87.2 0.0 4.8 0.0 0.0  22:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
16:55 0.4 0.0 15.7 0.0 77.0 6.7 0.7 0.0 0.0  22:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:00 0.0 0.0 14.4 0.0 66.8 31.7 0.0 0.0 0.0  23:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:05 0.0 0.0 12.4 0.0 56.6 26.3 0.0 0.0 0.0  23:05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:10 0.0 0.0 4.8 0.0 46.5 22.5 0.0 0.0 0.0  23:10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:15 0.0 0.0 0.0 0.0 36.3 17.3 0.0 0.0 0.0  23:15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:20 0.0 0.0 0.0 0.0 26.1 12.7 0.0 0.0 0.0  23:20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:25 0.0 0.0 0.0 0.0 0.0 7.3 0.0 0.0 0.0  23:25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:30 0.0 0.0 0.0 0.0 0.0 2.8 0.0 0.0 0.0  23:30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:35 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0  23:35 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:40 0.1 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0  23:40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:45 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0  23:45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:50 1.9 0.0 0.0 3.2 0.0 0.0 0.0 0.0 0.0  23:50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17:55 8.5 0.0 0.0 6.8 0.0 0.0 0.0 0.0 0.0  23:55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
  





Figure 29: Analytical output - Total queue per area. 
 
 
Figure 30: Analytical output - Total queue in the area 1. 
 
Figure 31: Analytical output - Total queue in the area 2. 
 
Figure 32: Analytical output - Total queue in the area 3. 
 
Figure 33: Analytical output - Total queue in the area 4. 
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Total queue in the area 5 





Figure 35: Analytical output - Total queue in the area 6. 
 
 
Figure 36: Analytical output - Total queue in the area 7. 
 
Figure 37: Analytical output - Total queue in the area 8. 
 



































































































Total queue in the area 9 




C.3. Queue excess 
Time 1 2 3 4 5 6 7 8 9  Time 1 2 3 4 5 6 7 8 9 
00:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
00:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  06:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
01:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  07:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
02:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  08:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
03:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  09:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
04:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  10:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:35 0.0% 3.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:40 0.0% 11.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:45 0.0% 27.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:50 0.0% 35.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
05:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  11:55 0.0% 34.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
  




Time 1 2 3 4 5 6 7 8 9   Time 1 2 3 4 5 6 7 8 9 
12:00 0.0% 30.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:05 0.0% 21.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:10 0.0% 18.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:15 0.0% 12.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:20 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
12:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  18:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
13:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  19:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
14:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  20:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  21:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  21:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:10 0.0% 0.0% 0.0% 0.0% 30.8% 0.0% 0.0% 0.0% 0.0%  21:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:15 0.0% 0.0% 0.0% 0.0% 34.5% 0.0% 0.0% 0.0% 0.0%  21:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:20 0.0% 0.0% 0.0% 0.0% 35.7% 0.0% 0.0% 0.0% 0.0%  21:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:25 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0%  21:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:30 0.0% 0.0% 0.0% 0.0% 26.9% 0.0% 0.0% 0.0% 0.0%  21:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:35 0.0% 0.0% 0.0% 0.0% 19.1% 0.0% 0.0% 0.0% 0.0%  21:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:40 0.0% 0.0% 0.0% 0.0% 14.5% 0.0% 0.0% 0.0% 0.0%  21:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:45 0.0% 0.0% 0.0% 0.0% 4.2% 0.0% 0.0% 0.0% 0.0%  21:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  21:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
15:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  21:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
16:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  22:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:00 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:05 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:25 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:35 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:50 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
17:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  23:55 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 




























Queue excess per area 
Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7 Area 8 Area 9




C.4. Baggage distribution 
Time 1 2 3 4 5  Time 1 2 3 4 5 
00:00 0.0 0.0 7.8 0.0 13.6  06:00 20.9 40.0 47.6 16.5 14.7 
00:05 0.0 0.0 7.8 0.0 13.6  06:05 23.8 40.0 45.8 18.9 13.0 
00:10 0.0 0.0 12.3 0.0 13.6  06:10 26.0 40.0 45.7 13.6 12.0 
00:15 0.0 0.0 11.7 0.0 13.6  06:15 27.6 40.0 39.9 11.3 10.8 
00:20 0.0 0.0 10.5 0.0 13.6  06:20 31.3 40.0 32.3 12.3 10.1 
00:25 0.0 0.0 6.2 0.0 13.6  06:25 31.3 40.0 31.5 12.7 9.4 
00:30 0.0 0.0 3.4 0.0 13.6  06:30 36.9 40.0 46.9 12.9 9.1 
00:35 0.0 0.0 2.5 0.0 13.6  06:35 37.8 40.0 39.0 12.8 9.1 
00:40 0.0 0.0 3.3 0.0 13.6  06:40 38.1 40.0 39.4 16.2 4.5 
00:45 0.0 0.0 3.1 0.0 13.6  06:45 36.5 40.0 48.9 13.9 4.5 
00:50 0.0 0.0 0.7 0.0 13.6  06:50 34.9 40.0 47.6 12.6 4.5 
00:55 0.0 0.0 1.4 0.0 13.6  06:55 34.9 40.0 47.3 13.2 4.5 
01:00 0.0 0.0 0.7 0.0 13.6  07:00 38.5 35.0 48.4 14.1 4.5 
01:05 0.0 0.0 0.4 0.0 13.6  07:05 38.5 35.0 43.6 14.6 2.3 
01:10 0.0 0.0 0.3 0.0 13.6  07:10 38.5 35.0 45.1 15.9 0.0 
01:15 0.0 0.0 0.0 0.0 11.3  07:15 38.5 35.0 39.7 14.6 0.0 
01:20 0.0 0.0 0.0 0.0 2.7  07:20 38.5 35.0 41.9 16.6 0.0 
01:25 0.0 0.0 0.0 0.0 3.5  07:25 38.5 35.0 38.4 10.9 0.0 
01:30 0.0 0.0 0.0 0.0 3.3  07:30 38.5 25.0 34.7 11.3 0.0 
01:35 0.0 0.0 0.0 0.0 0.8  07:35 38.5 25.0 33.8 11.1 0.0 
01:40 0.0 0.0 0.0 0.0 1.4  07:40 38.5 25.0 29.7 11.7 0.0 
01:45 0.0 0.0 0.0 0.0 0.7  07:45 38.5 22.0 30.9 10.7 0.0 
01:50 0.0 0.0 0.0 0.0 0.5  07:50 38.5 16.3 28.0 13.8 0.0 
01:55 0.0 0.0 0.0 0.0 0.3  07:55 38.5 16.2 22.1 13.4 0.0 
02:00 0.0 0.0 0.0 0.0 0.0  08:00 38.5 15.6 17.0 25.1 0.0 
02:05 0.0 0.0 0.0 0.0 0.0  08:05 38.5 15.4 16.8 24.5 0.0 
02:10 0.0 0.0 0.0 0.0 0.0  08:10 38.5 15.2 17.2 25.2 0.0 
02:15 0.0 0.0 0.0 0.0 0.0  08:15 38.5 15.0 21.9 23.9 0.0 
02:20 0.0 0.0 0.0 0.0 0.0  08:20 47.9 15.0 20.3 23.7 0.0 
02:25 0.0 0.0 0.0 0.0 0.0  08:25 47.9 15.0 22.6 22.1 17.2 
02:30 0.0 0.0 0.0 0.0 0.0  08:30 32.5 15.0 21.1 23.3 17.2 
02:35 0.0 0.0 0.0 0.0 0.0  08:35 32.5 15.0 19.3 23.4 17.2 
02:40 0.0 0.0 0.0 0.0 0.0  08:40 32.5 15.0 18.4 23.4 17.2 
02:45 0.0 0.0 0.0 0.0 0.0  08:45 32.5 15.0 18.9 24.1 17.2 
02:50 0.0 0.0 0.0 0.0 0.0  08:50 32.5 15.0 15.7 20.0 17.2 
02:55 0.0 0.0 0.0 0.0 0.0  08:55 32.5 15.0 15.0 20.1 8.6 
03:00 0.0 0.0 0.0 0.0 0.0  09:00 32.5 15.0 20.9 19.2 8.6 
03:05 0.0 0.0 0.0 0.0 0.0  09:05 31.6 15.0 21.1 19.1 8.6 
03:10 0.0 0.0 0.0 0.0 0.0  09:10 31.7 15.0 30.5 17.8 8.6 
03:15 0.0 0.0 0.0 0.0 0.0  09:15 32.5 15.0 26.6 18.3 8.6 
03:20 0.0 0.0 0.0 0.0 0.0  09:20 32.5 15.0 21.6 18.2 8.6 
03:25 0.0 0.0 0.0 0.0 0.0  09:25 32.5 23.1 22.0 17.5 8.6 
03:30 0.0 0.0 0.0 5.4 0.0  09:30 32.5 17.1 27.6 16.7 8.6 
03:35 0.0 0.0 0.0 2.0 0.0  09:35 32.5 17.1 29.8 16.8 8.6 
03:40 0.0 0.0 0.0 2.0 0.0  09:40 32.5 27.1 26.3 15.9 8.6 
03:45 0.0 0.0 0.0 3.2 0.0  09:45 32.5 27.1 26.2 15.2 38.7 
03:50 0.0 0.0 0.0 4.0 0.0  09:50 32.5 27.1 33.3 15.3 16.7 
03:55 0.0 0.0 0.0 3.9 0.0  09:55 32.5 27.1 37.4 14.5 10.3 
04:00 7.7 38.0 0.0 5.3 0.0  10:00 24.8 24.5 31.8 13.3 8.8 
04:05 4.3 38.0 0.0 6.7 0.0  10:05 22.3 27.0 36.0 16.4 5.3 
04:10 1.9 38.0 0.0 5.5 0.0  10:10 16.7 30.1 32.8 16.8 6.2 
04:15 2.7 38.0 0.0 6.7 0.0  10:15 15.4 28.6 34.5 15.3 4.9 
04:20 2.5 38.0 0.0 6.7 0.0  10:20 15.4 30.1 31.8 16.0 4.4 
04:25 3.4 38.0 25.0 6.7 8.5  10:25 15.4 30.1 37.2 17.1 4.5 
04:30 3.8 41.0 63.5 10.0 25.5  10:30 23.1 30.1 22.1 16.8 4.0 
04:35 4.1 41.0 63.5 16.1 34.0  10:35 23.1 30.1 23.1 17.5 4.7 
04:40 4.1 41.0 63.5 13.8 34.0  10:40 23.1 30.1 19.0 19.8 6.9 
04:45 5.5 41.0 71.2 11.7 34.0  10:45 23.1 30.1 23.8 19.2 5.5 
04:50 9.4 41.0 80.3 12.4 34.0  10:50 23.1 30.1 18.8 21.5 5.1 
04:55 6.2 41.0 80.3 12.4 34.0  10:55 23.1 30.1 24.2 21.9 5.3 
05:00 7.6 47.0 100.2 12.7 34.0  11:00 27.8 30.1 23.2 25.9 5.0 
05:05 8.5 47.0 119.0 12.4 34.0  11:05 27.8 30.1 21.2 23.6 5.2 
05:10 8.5 47.0 106.1 12.4 43.1  11:10 27.1 21.3 18.5 19.2 4.6 
05:15 9.3 47.0 98.5 11.8 43.1  11:15 18.9 18.1 17.7 18.5 4.3 
05:20 8.5 47.0 94.8 22.0 43.1  11:20 18.1 17.0 14.6 20.7 5.0 
05:25 11.8 47.0 86.8 21.8 43.1  11:25 37.1 17.0 15.5 30.1 4.4 
05:30 17.9 52.0 82.6 20.8 43.1  11:30 43.9 17.0 13.1 32.9 13.8 
05:35 21.1 52.0 85.3 17.8 43.1  11:35 43.9 17.0 12.7 33.6 13.5 
05:40 21.1 52.0 68.2 19.5 43.1  11:40 43.9 17.0 22.6 33.4 13.6 
05:45 18.3 52.0 57.5 20.5 39.9  11:45 40.3 15.3 17.7 33.3 13.3 
05:50 20.5 52.0 59.3 19.2 31.1  11:50 39.4 14.0 23.7 32.5 12.5 
05:55 19.5 50.4 47.6 19.7 20.9  11:55 43.2 13.6 26.4 33.4 12.8 
 




Time 1 2 3 4 5  Time 1 2 3 4 5 
12:00 43.0 16.5 34.7 29.6 10.2  18:00 15.4 9.0 13.6 8.9 0.0 
12:05 47.7 15.5 36.0 29.4 6.7  18:05 15.4 9.0 10.4 8.0 0.0 
12:10 50.4 15.0 38.0 30.4 7.3  18:10 15.4 9.0 18.5 6.4 0.0 
12:15 46.1 15.0 39.4 34.2 8.5  18:15 14.4 9.0 18.2 6.4 0.0 
12:20 47.9 15.0 40.1 29.7 6.5  18:20 15.4 9.0 25.8 6.2 0.0 
12:25 47.0 15.0 41.7 30.5 8.0  18:25 15.4 9.0 26.5 5.0 0.0 
12:30 61.0 20.2 56.1 30.9 7.4  18:30 7.7 6.0 25.1 4.9 0.0 
12:35 58.8 22.3 60.4 31.0 7.6  18:35 7.7 6.0 23.8 3.7 0.0 
12:40 58.4 34.0 62.9 30.1 7.2  18:40 7.7 6.0 23.5 3.4 0.0 
12:45 58.8 34.0 50.7 29.1 25.2  18:45 7.7 6.0 23.9 10.4 0.0 
12:50 57.1 34.0 46.0 28.3 24.0  18:50 7.7 6.0 22.6 10.7 0.0 
12:55 56.2 34.0 38.7 28.8 25.4  18:55 7.7 6.0 20.1 9.3 9.1 
13:00 47.6 34.0 25.8 29.6 25.8  19:00 15.4 9.0 15.3 3.1 9.1 
13:05 43.1 34.0 29.3 26.1 24.2  19:05 15.4 9.0 13.6 3.1 9.1 
13:10 40.8 34.8 28.7 37.1 18.5  19:10 15.4 9.0 6.0 2.4 22.0 
13:15 40.6 35.0 26.6 37.3 16.0  19:15 15.4 9.0 4.5 2.7 22.0 
13:20 38.5 39.0 23.6 33.9 14.4  19:20 15.4 9.0 3.8 3.0 22.0 
13:25 38.5 39.0 22.3 34.0 14.3  19:25 15.4 9.0 3.3 2.7 22.0 
13:30 38.5 39.0 44.7 29.3 13.9  19:30 15.4 3.0 1.9 2.0 22.0 
13:35 38.5 39.0 44.3 27.7 13.1  19:35 15.4 3.0 3.1 2.2 22.0 
13:40 38.5 39.0 43.1 26.3 12.4  19:40 27.8 3.0 3.4 2.3 15.4 
13:45 38.5 39.0 42.8 27.3 12.6  19:45 21.4 3.0 3.6 1.5 14.5 
13:50 38.5 39.0 42.5 26.5 11.9  19:50 12.9 3.0 2.3 1.2 14.2 
13:55 38.5 39.0 44.4 23.7 10.7  19:55 11.6 3.0 2.3 0.7 13.7 
14:00 38.5 39.0 47.0 24.9 17.1  20:00 9.6 3.0 3.2 0.7 12.7 
14:05 38.5 39.0 48.7 23.8 16.3  20:05 10.7 3.0 3.7 0.2 13.0 
14:10 38.5 44.0 39.1 23.8 15.5  20:10 10.2 3.0 2.8 0.6 12.3 
14:15 38.5 44.0 29.1 22.1 14.8  20:15 8.8 3.0 5.1 0.0 2.8 
14:20 38.5 44.0 25.3 22.4 13.6  20:20 6.5 3.0 4.1 0.0 1.6 
14:25 38.5 44.0 48.2 21.3 13.1  20:25 5.6 3.0 4.1 0.0 1.0 
14:30 30.8 35.0 48.1 18.4 12.1  20:30 4.5 2.2 4.1 0.0 1.0 
14:35 30.8 35.0 44.1 16.6 12.4  20:35 7.8 0.9 3.7 0.0 0.7 
14:40 30.8 35.0 45.7 12.8 20.8  20:40 8.2 0.8 3.7 0.0 1.0 
14:45 30.8 35.0 50.1 12.0 19.6  20:45 8.2 0.6 7.4 0.0 0.0 
14:50 30.8 35.0 48.1 11.9 19.1  20:50 8.0 0.2 8.7 0.0 0.0 
14:55 30.8 35.0 48.8 11.5 18.6  20:55 4.9 0.2 9.7 0.0 0.0 
15:00 15.4 32.0 43.7 10.7 18.6  21:00 7.1 0.5 10.0 0.0 0.0 
15:05 15.4 32.0 29.7 12.2 18.3  21:05 6.5 0.5 7.5 0.0 0.0 
15:10 15.4 27.0 54.9 11.5 18.6  21:10 5.2 0.4 8.3 0.0 0.0 
15:15 15.4 27.0 50.5 11.5 17.6  21:15 4.1 0.5 7.4 0.0 0.0 
15:20 15.4 27.0 48.2 12.4 15.2  21:20 3.6 0.5 6.0 0.0 0.0 
15:25 15.4 27.0 47.8 10.5 10.5  21:25 3.3 0.3 3.7 0.0 0.0 
15:30 15.4 24.0 47.1 9.1 10.3  21:30 1.9 0.2 3.2 0.0 0.0 
15:35 15.4 24.0 43.8 8.7 10.1  21:35 1.0 0.2 3.7 0.0 0.0 
15:40 15.4 24.0 43.6 7.9 9.9  21:40 2.3 0.1 1.8 0.0 0.0 
15:45 15.4 24.0 43.7 8.1 9.6  21:45 0.6 0.0 0.9 0.0 0.0 
15:50 15.4 24.0 33.1 7.7 9.5  21:50 0.0 0.0 2.8 0.0 0.0 
15:55 15.4 24.0 21.2 8.0 9.2  21:55 0.0 0.0 0.9 0.0 0.0 
16:00 7.7 21.0 18.9 10.2 9.1  22:00 0.0 0.0 0.9 0.0 0.0 
16:05 7.7 21.0 19.1 19.6 9.1  22:05 0.0 0.0 0.5 0.0 0.0 
16:10 7.7 26.0 17.4 12.9 4.5  22:10 0.0 0.0 0.0 0.0 0.0 
16:15 7.7 26.0 17.5 11.4 4.5  22:15 0.0 0.0 0.5 0.0 0.0 
16:20 7.7 26.0 16.6 11.7 4.5  22:20 0.0 0.0 0.0 0.0 0.0 
16:25 7.7 26.0 15.0 12.4 4.5  22:25 0.0 0.0 0.0 0.0 0.0 
16:30 7.7 26.0 13.4 12.0 4.5  22:30 0.0 0.0 0.0 0.0 0.0 
16:35 7.7 26.0 13.4 12.7 2.2  22:35 0.0 0.0 0.0 0.0 0.0 
16:40 7.7 11.0 13.8 13.3 0.0  22:40 0.0 0.0 0.0 0.0 0.0 
16:45 7.7 9.1 13.6 13.3 0.0  22:45 0.0 0.0 0.0 0.0 0.0 
16:50 7.7 8.7 14.1 13.9 0.0  22:50 0.0 0.0 0.0 0.0 0.0 
16:55 7.7 8.3 23.4 14.6 0.0  22:55 0.0 0.0 0.0 0.0 0.0 
17:00 5.6 8.9 31.7 11.6 0.0  23:00 0.0 0.0 0.0 0.0 0.0 
17:05 6.2 9.6 25.4 9.3 0.0  23:05 0.0 0.0 0.0 0.0 0.0 
17:10 5.1 14.2 26.2 9.5 0.0  23:10 0.0 0.0 0.0 0.0 0.0 
17:15 4.9 9.7 26.3 9.0 0.0  23:15 0.0 0.0 0.0 0.0 0.0 
17:20 5.7 6.3 25.9 9.8 0.0  23:20 0.0 0.0 0.0 0.0 0.0 
17:25 5.7 6.4 16.9 9.7 0.0  23:25 0.0 0.0 0.0 0.0 0.0 
17:30 5.9 6.5 17.2 10.2 0.0  23:30 0.0 0.0 0.0 0.0 0.0 
17:35 7.6 6.8 16.5 9.2 0.0  23:35 0.0 0.0 0.0 0.0 0.0 
17:40 7.7 6.5 13.0 9.2 0.0  23:40 0.0 0.0 0.0 0.0 0.0 
17:45 7.4 6.4 17.2 9.1 0.0  23:45 0.0 0.0 0.0 0.0 0.0 
17:50 7.7 6.1 13.7 8.7 0.0  23:50 0.0 0.0 0.0 0.0 0.0 
17:55 7.7 6.0 14.9 9.2 0.0  23:55 0.0 0.0 0.0 0.0 0.0 
  





Figure 40: Analytical output - Total baggage per area. 
 
 
Figure 41: Analytical output - Total baggage in the area 1. 
 
 
Figure 42: Analytical output - Total baggage in the area 2. 
 
 
Figure 43: Analytical output - Total baggage in the area 3. 
 
 
Figure 44: Analytical output - Total baggage in the area 4. 
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Total baggage in the area 5 




C.5. Double screened baggage 
Time 1 2 3 4 5  Time 1 2 3 4 5 
00:00 0.0 0.0 0.0 0.0 0.0  06:00 0.0 0.0 0.0 0.0 0.0 
00:05 0.0 0.0 0.0 0.0 0.0  06:05 0.0 0.0 0.0 0.0 0.0 
00:10 0.0 0.0 0.0 0.0 0.0  06:10 0.0 0.0 0.0 0.0 0.0 
00:15 0.0 0.0 0.0 0.0 0.0  06:15 0.0 0.0 0.0 0.0 0.0 
00:20 0.0 0.0 0.0 0.0 0.0  06:20 0.0 0.0 0.0 0.0 0.0 
00:25 0.0 0.0 0.0 0.0 0.0  06:25 0.0 0.0 0.0 0.0 0.0 
00:30 0.0 0.0 0.0 0.0 0.0  06:30 0.0 0.0 0.0 0.0 0.0 
00:35 0.0 0.0 0.0 0.0 0.0  06:35 0.0 0.0 0.0 0.0 0.0 
00:40 0.0 0.0 0.0 0.0 0.0  06:40 0.0 0.0 0.0 0.0 0.0 
00:45 0.0 0.0 0.0 0.0 0.0  06:45 0.0 0.0 0.0 0.0 0.0 
00:50 0.0 0.0 0.0 0.0 0.0  06:50 0.0 0.0 0.0 0.0 0.0 
00:55 0.0 0.0 0.0 0.0 0.0  06:55 0.0 0.0 0.0 0.0 0.0 
01:00 0.0 0.0 0.0 0.0 0.0  07:00 0.0 0.0 0.0 0.0 0.0 
01:05 0.0 0.0 0.0 0.0 0.0  07:05 0.0 0.0 0.0 0.0 0.0 
01:10 0.0 0.0 0.0 0.0 0.0  07:10 0.0 0.0 0.0 0.0 0.0 
01:15 0.0 0.0 0.0 0.0 0.0  07:15 0.0 0.0 0.0 0.0 0.0 
01:20 0.0 0.0 0.0 0.0 0.0  07:20 0.0 0.0 0.0 0.0 0.0 
01:25 0.0 0.0 0.0 0.0 0.0  07:25 0.0 0.0 0.0 0.0 0.0 
01:30 0.0 0.0 0.0 0.0 0.0  07:30 0.0 0.0 0.0 0.0 0.0 
01:35 0.0 0.0 0.0 0.0 0.0  07:35 0.0 0.0 0.0 0.0 0.0 
01:40 0.0 0.0 0.0 0.0 0.0  07:40 0.0 0.0 0.0 0.0 0.0 
01:45 0.0 0.0 0.0 0.0 0.0  07:45 0.0 0.0 0.0 0.0 0.0 
01:50 0.0 0.0 0.0 0.0 0.0  07:50 0.0 0.0 0.0 0.0 0.0 
01:55 0.0 0.0 0.0 0.0 0.0  07:55 0.0 0.0 0.0 0.0 0.0 
02:00 0.0 0.0 0.0 0.0 0.0  08:00 0.0 0.0 0.0 0.0 0.0 
02:05 0.0 0.0 0.0 0.0 0.0  08:05 0.0 0.0 0.0 0.0 0.0 
02:10 0.0 0.0 0.0 0.0 0.0  08:10 0.0 0.0 0.0 0.0 0.0 
02:15 0.0 0.0 0.0 0.0 0.0  08:15 0.0 0.0 0.0 0.0 0.0 
02:20 0.0 0.0 0.0 0.0 0.0  08:20 0.0 0.0 0.0 0.0 0.0 
02:25 0.0 0.0 0.0 0.0 0.0  08:25 0.0 0.0 0.0 0.0 0.0 
02:30 0.0 0.0 0.0 0.0 0.0  08:30 0.0 0.0 0.0 0.0 0.0 
02:35 0.0 0.0 0.0 0.0 0.0  08:35 0.0 0.0 0.0 0.0 0.0 
02:40 0.0 0.0 0.0 0.0 0.0  08:40 0.0 0.0 0.0 0.0 0.0 
02:45 0.0 0.0 0.0 0.0 0.0  08:45 0.0 0.0 0.0 0.0 0.0 
02:50 0.0 0.0 0.0 0.0 0.0  08:50 0.0 0.0 0.0 0.0 0.0 
02:55 0.0 0.0 0.0 0.0 0.0  08:55 0.0 0.0 0.0 0.0 0.0 
03:00 0.0 0.0 0.0 0.0 0.0  09:00 0.0 0.0 0.0 0.0 0.0 
03:05 0.0 0.0 0.0 0.0 0.0  09:05 0.0 0.0 0.0 0.0 0.0 
03:10 0.0 0.0 0.0 0.0 0.0  09:10 0.0 0.0 0.0 0.0 0.0 
03:15 0.0 0.0 0.0 0.0 0.0  09:15 0.0 0.0 0.0 0.0 0.0 
03:20 0.0 0.0 0.0 0.0 0.0  09:20 0.0 0.0 0.0 0.0 0.0 
03:25 0.0 0.0 0.0 0.0 0.0  09:25 0.0 0.0 0.0 0.0 0.0 
03:30 0.0 0.0 0.0 0.0 0.0  09:30 0.0 0.0 0.0 0.0 0.0 
03:35 0.0 0.0 0.0 0.0 0.0  09:35 0.0 0.0 0.0 0.0 0.0 
03:40 0.0 0.0 0.0 0.0 0.0  09:40 0.0 0.0 0.0 0.0 0.0 
03:45 0.0 0.0 0.0 0.0 0.0  09:45 0.0 0.0 0.0 0.0 0.0 
03:50 0.0 0.0 0.0 0.0 0.0  09:50 0.0 0.0 0.0 0.0 0.0 
03:55 0.0 0.0 0.0 0.0 0.0  09:55 0.0 0.0 0.0 0.0 0.0 
04:00 0.0 0.0 0.0 0.0 0.0  10:00 0.0 0.0 0.0 0.0 0.0 
04:05 0.0 0.0 0.0 0.0 0.0  10:05 0.0 0.0 0.0 0.0 0.0 
04:10 0.0 0.0 0.0 0.0 0.0  10:10 0.0 0.0 0.0 0.0 0.0 
04:15 0.0 0.0 0.0 0.0 0.0  10:15 0.0 0.0 0.0 0.0 0.0 
04:20 0.0 0.0 0.0 0.0 0.0  10:20 0.0 0.0 0.0 0.0 0.0 
04:25 0.0 0.0 0.0 0.0 0.0  10:25 0.0 0.0 0.0 0.0 0.0 
04:30 0.0 0.0 0.0 0.0 0.0  10:30 0.0 0.0 0.0 0.0 0.0 
04:35 0.0 0.0 0.0 0.0 0.0  10:35 0.0 0.0 0.0 0.0 0.0 
04:40 0.0 0.0 0.0 0.0 0.0  10:40 0.0 0.0 0.0 0.0 0.0 
04:45 0.0 0.0 0.0 0.0 0.0  10:45 0.0 0.0 0.0 0.0 0.0 
04:50 0.0 0.0 0.0 0.0 0.0  10:50 0.0 0.0 0.0 0.0 0.0 
04:55 0.0 0.0 0.0 0.0 0.0  10:55 0.0 0.0 0.0 0.0 0.0 
05:00 0.0 0.0 0.0 0.0 0.0  11:00 0.0 0.0 0.0 0.0 0.0 
05:05 0.0 0.0 0.0 0.0 0.0  11:05 0.0 0.0 0.0 0.0 0.0 
05:10 0.0 0.0 0.0 0.0 0.0  11:10 0.0 0.0 0.0 0.0 0.0 
05:15 0.0 0.0 0.0 0.0 0.0  11:15 0.0 0.0 0.0 0.0 0.0 
05:20 0.0 0.0 0.0 0.0 0.0  11:20 0.0 0.0 0.0 0.0 0.0 
05:25 0.0 0.0 0.0 0.0 0.0  11:25 0.0 0.0 0.0 0.0 0.0 
05:30 0.0 0.0 0.0 0.0 0.0  11:30 0.0 0.0 0.0 0.0 0.0 
05:35 0.0 0.0 0.0 0.0 0.0  11:35 0.0 0.0 0.0 0.0 0.0 
05:40 0.0 0.0 0.0 0.0 0.0  11:40 0.0 0.0 0.0 0.0 0.0 
05:45 0.0 0.0 0.0 0.0 0.0  11:45 0.0 0.0 0.0 0.0 0.0 
05:50 0.0 0.0 0.0 0.0 0.0  11:50 0.0 0.0 0.0 0.0 0.0 
05:55 0.0 0.0 0.0 0.0 0.0  11:55 0.0 0.0 0.0 0.0 0.0 
 




Time 1 2 3 4 5  Time 1 2 3 4 5 
12:00 0.0 0.0 0.0 0.0 0.0  18:00 0.0 0.0 0.0 0.0 0.0 
12:05 0.0 0.0 0.0 0.0 0.0  18:05 0.0 0.0 0.0 0.0 0.0 
12:10 0.0 0.0 0.0 0.0 0.0  18:10 0.0 0.0 0.0 0.0 0.0 
12:15 0.0 0.0 0.0 0.0 0.0  18:15 0.0 0.0 0.0 0.0 0.0 
12:20 0.0 0.0 0.0 0.0 0.0  18:20 0.0 0.0 0.0 0.0 0.0 
12:25 0.0 0.0 0.0 0.0 0.0  18:25 0.0 0.0 0.0 0.0 0.0 
12:30 0.0 0.0 0.0 0.0 0.0  18:30 0.0 0.0 0.0 0.0 0.0 
12:35 0.0 0.0 0.0 0.0 0.0  18:35 0.0 0.0 0.0 0.0 0.0 
12:40 0.0 0.0 0.0 0.0 0.0  18:40 0.0 0.0 0.0 0.0 0.0 
12:45 0.0 0.0 0.0 0.0 0.0  18:45 0.0 0.0 0.0 0.0 0.0 
12:50 0.0 0.0 0.0 0.0 0.0  18:50 0.0 0.0 0.0 0.0 0.0 
12:55 0.0 0.0 0.0 0.0 0.0  18:55 0.0 0.0 0.0 0.0 0.0 
13:00 0.0 0.0 0.0 0.0 0.0  19:00 0.0 0.0 0.0 0.0 0.0 
13:05 0.0 0.0 0.0 0.0 0.0  19:05 0.0 0.0 0.0 0.0 0.0 
13:10 0.0 0.0 0.0 0.0 0.0  19:10 0.0 0.0 0.0 0.0 0.0 
13:15 0.0 0.0 0.0 0.0 0.0  19:15 0.0 0.0 0.0 0.0 0.0 
13:20 0.0 0.0 0.0 0.0 0.0  19:20 0.0 0.0 0.0 0.0 0.0 
13:25 0.0 0.0 0.0 0.0 0.0  19:25 0.0 0.0 0.0 0.0 0.0 
13:30 0.0 0.0 0.0 0.0 0.0  19:30 0.0 0.0 0.0 0.0 0.0 
13:35 0.0 0.0 0.0 0.0 0.0  19:35 0.0 0.0 0.0 0.0 0.0 
13:40 0.0 0.0 0.0 0.0 0.0  19:40 0.0 0.0 0.0 0.0 0.0 
13:45 0.0 0.0 0.0 0.0 0.0  19:45 0.0 0.0 0.0 0.0 0.0 
13:50 0.0 0.0 0.0 0.0 0.0  19:50 0.0 0.0 0.0 0.0 0.0 
13:55 0.0 0.0 0.0 0.0 0.0  19:55 0.0 0.0 0.0 0.0 0.0 
14:00 0.0 0.0 0.0 0.0 0.0  20:00 0.0 0.0 0.0 0.0 0.0 
14:05 0.0 0.0 0.0 0.0 0.0  20:05 0.0 0.0 0.0 0.0 0.0 
14:10 0.0 0.0 0.0 0.0 0.0  20:10 0.0 0.0 0.0 0.0 0.0 
14:15 0.0 0.0 0.0 0.0 0.0  20:15 0.0 0.0 0.0 0.0 0.0 
14:20 0.0 0.0 0.0 0.0 0.0  20:20 0.0 0.0 0.0 0.0 0.0 
14:25 0.0 0.0 0.0 0.0 0.0  20:25 0.0 0.0 0.0 0.0 0.0 
14:30 0.0 0.0 0.0 0.0 0.0  20:30 0.0 0.0 0.0 0.0 0.0 
14:35 0.0 0.0 0.0 0.0 0.0  20:35 0.0 0.0 0.0 0.0 0.0 
14:40 0.0 0.0 0.0 0.0 0.0  20:40 0.0 0.0 0.0 0.0 0.0 
14:45 0.0 0.0 0.0 0.0 0.0  20:45 0.0 0.0 0.0 0.0 0.0 
14:50 0.0 0.0 0.0 0.0 0.0  20:50 0.0 0.0 0.0 0.0 0.0 
14:55 0.0 0.0 0.0 0.0 0.0  20:55 0.0 0.0 0.0 0.0 0.0 
15:00 0.0 0.0 0.0 0.0 0.0  21:00 0.0 0.0 0.0 0.0 0.0 
15:05 0.0 0.0 0.0 0.0 0.0  21:05 0.0 0.0 0.0 0.0 0.0 
15:10 0.0 0.0 0.0 0.0 0.0  21:10 0.0 0.0 0.0 0.0 0.0 
15:15 0.0 0.0 0.0 0.0 0.0  21:15 0.0 0.0 0.0 0.0 0.0 
15:20 0.0 0.0 0.0 0.0 0.0  21:20 0.0 0.0 0.0 0.0 0.0 
15:25 0.0 0.0 0.0 0.0 0.0  21:25 0.0 0.0 0.0 0.0 0.0 
15:30 0.0 0.0 0.0 0.0 0.0  21:30 0.0 0.0 0.0 0.0 0.0 
15:35 0.0 0.0 0.0 0.0 0.0  21:35 0.0 0.0 0.0 0.0 0.0 
15:40 0.0 0.0 0.0 0.0 0.0  21:40 0.0 0.0 0.0 0.0 0.0 
15:45 0.0 0.0 0.0 0.0 0.0  21:45 0.0 0.0 0.0 0.0 0.0 
15:50 0.0 0.0 0.0 0.0 0.0  21:50 0.0 0.0 0.0 0.0 0.0 
15:55 0.0 0.0 0.0 0.0 0.0  21:55 0.0 0.0 0.0 0.0 0.0 
16:00 0.0 0.0 0.0 0.0 0.0  22:00 0.0 0.0 0.0 0.0 0.0 
16:05 0.0 0.0 0.0 0.0 0.0  22:05 0.0 0.0 0.0 0.0 0.0 
16:10 0.0 0.0 0.0 0.0 0.0  22:10 0.0 0.0 0.0 0.0 0.0 
16:15 0.0 0.0 0.0 0.0 0.0  22:15 0.0 0.0 0.0 0.0 0.0 
16:20 0.0 0.0 0.0 0.0 0.0  22:20 0.0 0.0 0.0 0.0 0.0 
16:25 0.0 0.0 0.0 0.0 0.0  22:25 0.0 0.0 0.0 0.0 0.0 
16:30 0.0 0.0 0.0 0.0 0.0  22:30 0.0 0.0 0.0 0.0 0.0 
16:35 0.0 0.0 0.0 0.0 0.0  22:35 0.0 0.0 0.0 0.0 0.0 
16:40 0.0 0.0 0.0 0.0 0.0  22:40 0.0 0.0 0.0 0.0 0.0 
16:45 0.0 0.0 0.0 0.0 0.0  22:45 0.0 0.0 0.0 0.0 0.0 
16:50 0.0 0.0 0.0 0.0 0.0  22:50 0.0 0.0 0.0 0.0 0.0 
16:55 0.0 0.0 0.0 0.0 0.0  22:55 0.0 0.0 0.0 0.0 0.0 
17:00 0.0 0.0 0.0 0.0 0.0  23:00 0.0 0.0 0.0 0.0 0.0 
17:05 0.0 0.0 0.0 0.0 0.0  23:05 0.0 0.0 0.0 0.0 0.0 
17:10 0.0 0.0 0.0 0.0 0.0  23:10 0.0 0.0 0.0 0.0 0.0 
17:15 0.0 0.0 0.0 0.0 0.0  23:15 0.0 0.0 0.0 0.0 0.0 
17:20 0.0 0.0 0.0 0.0 0.0  23:20 0.0 0.0 0.0 0.0 0.0 
17:25 0.0 0.0 0.0 0.0 0.0  23:25 0.0 0.0 0.0 0.0 0.0 
17:30 0.0 0.0 0.0 0.0 0.0  23:30 0.0 0.0 0.0 0.0 0.0 
17:35 0.0 0.0 0.0 0.0 0.0  23:35 0.0 0.0 0.0 0.0 0.0 
17:40 0.0 0.0 0.0 0.0 0.0  23:40 0.0 0.0 0.0 0.0 0.0 
17:45 0.0 0.0 0.0 0.0 0.0  23:45 0.0 0.0 0.0 0.0 0.0 
17:50 0.0 0.0 0.0 0.0 0.0  23:50 0.0 0.0 0.0 0.0 0.0 
17:55 0.0 0.0 0.0 0.0 0.0  23:55 0.0 0.0 0.0 0.0 0.0 
  

































Double screened baggage per area 
Area 1 Area 2 Area 3 Area 4 Area 5
 
